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Foreword 
The Lyndon B. Johnson School of Public Affairs has 
established interdisciplinary research on policy problems as 
the core of its educational program. A major part of this 
program is the nine-month policy research project, in the 
course of which two or three faculty members from dif-
ferent disciplines direct the research of ten to twenty gradu-
ate students of diverse backgrounds on a policy issue of 
concern to an agency of government. This "client orienta-
tion" brings the students face to face with administrators, 
legislators, and other officials active in the policy process, 
and demonstrates that research in a policy environment de-
mands special talents. It also illuminates the occasional dif-
ficulties of relating research findings to the world of polit-
ical realities. 
This report was produced by a policy research project in 
the academic year 1979-80. The study, funded by the City 
of Austin, the Texas Department of Human Resources, the 
iii 
Henry J. Kaiser Family Foundation, and the Lyndon Baines 
Johnson Foundation, has developed a series of techniques 
to assist the City of Austin to deploy and manage emer-
gency medical service vehicles. This volume presents user's 
manuals for four computer packages used by the EMS 
Policy Research Project in its analysis of emergency medical 
services in Austin. 
It is the intention of the LBJ School both to develop 
men and women with the capacity to perform effectively in 
public service and to produce research which will enlighten 
and inform those already engaged in the policy process. 
The project which resulted in this volume has helped to ac-
complish the former; it is our hope and expectation that 
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The Use of Mathematical Methods for 
Analyzing the EMS System in Austin, Texas 
There is an appropriate time and setting for systems 
analyses and computer studies in public policy decision-
making. Mathematical modeling can be used to represent 
relationships between different factors operating in certaill' 
situations. If problems include many variables or relation-
ships and if large amounts of data are involved, computers 
can efficiently do required calculations to suggest policy 
options. This chapter outlines the role that quantitative 
methods played in the selection of emergency medical ser-
vice (EMS) vehicle sites for Austin, Texas. These quantita-
tive methods include a data aggregation program called Call 
History Analysis Package (CHAP), computer mapping pro-
grams, and the GAS and CALL/CZSR analytic location 
models. This section also discusses several types of location 
problems, procedures for model selection, and tests of 
model performance. The utilization of various programs is 
described in detail in the computer manual chapters that 
follow. 
It should be noted that to review, rank, or evaluate all 
models that could be applied to an EMS setting is beyond 
the scope of this chapter. Oµr goal here is _to record the rea-
sons we have chosen to use specific methods and to assess 
their use in evaluating deployment alternatives for EMS 
vehicles in Austin. 
THE FACILITY LOCATION PROBLEM 
The problem of determining an optimal site for a facility 
is an old and common one. Private · sector analysts have at-
tempted to determine good sites for factories or warehouses 
since the turn of the century. The prime consideration in 
this type of facility location has been the minimization of 
operating and/or construction costs. A factory may be 
sited to minimize the transport costs of raw materials and 
labor, or to minimize product distribution costs (1). 
A great deal of public facility location research related 
to emergency facilities for fire, police, and emergency med-
ical services has appeared in the past two decades. Rather 
than seek locations solely on the basis of reducing costs, 
public sector planners have been concerned with both cost 
reduction and the maximization of some measure of 
societal benefits (2). 
Over the past ten years, information gathered from th.ese 
public sector analyses has been applied to emergency med-
ical service (EMS) systems. There are several definitions of 
"the EMS problem," and each definition suggests its own 
method of solution. One approach is to maximize the num-
ber of calls served by a system within a specified response 
time period using a limited number of vehicles. An alternate 
formulation seeks to minimize the number of facilities 
needed to cover all calls (or the service area) within a re-
sponse time period. A third approach minimizes some 
measure of response time, such as the mean response time 
to all calls in the system or perhaps the maximum response 
time to any call. 
Other objectives may enter into consideration in EMS 
modeling, though they may not be of primary importance. 
An effective system might include balanced (nearly equal) 
workloads for each service vehicle. Another objective could 
be to maximize areas of multiple coverage by EMS vehicles. 
A modeler may wish to maximize coverage of a particular 
area identified as a source of EMS.demand. 
In modeling an EMS system, certain assumptions are 
commonly made to quantitatively represent the actual sys-
tem. Often an EMS system is described as a network of 
nodes and links. The nodes are demand sources or base 
points for demand distributions; the links represent travel 
paths. The demand for emergency medical service is repre-
sented by a demand surrogate, such as a historical measure 
of need for service. Vehicle response time is a function of 
the travel time along the internodal links. Many models as-
sume interchangeability among EMS vehicles and among 
vehicle personnel. Some approaches allow for explicit 
modelling of busy vehicles; however, models differ regard-
ing the approach to vehicle availability. Recent interest in 
multitiered EMS systems has resulted· in attempts to model 
two different levels of service with various types of vehicles. 
One recent review discussed two families of locational 
methodologies, spatial analysis and random process mod-
els (3). The random process model is primarily concerned 
with simulation of EMS operations given station locations. 
Spatial analysis approaches determine EMS vehicle loca-
tions given characteristics of a service area. 
Spatial analysis models are often subdivided into deter-
ministic and stochastic models. A deterministic model is 
generally based on a linear or integer programming formula-
tion, and will often locate facilities to optimize single or 
multiple objectives. A network is explicitly involved in such 
a formulation. Stochastic models are usually also based on a 
network representation of travel and use probabilistic and 
queuing theory techniques to analyze the system. This 
chapter refers primarily to spatial analysis approaches. 
Heuristic techniques, or procedures that yield good but 
not necessarily "optimal" solutions, are frequently used to 
solve spatial analysis problems. The advantage of heuristic 
procedures is that they may enable analysts to solve large-
Analysis of EMS, Volume II 
scale problems; such models often require less computer 
core storage, CPU time, or file space than do price optim· 
ization approaches. These savings generally result from less 
exhaustive search procedures or the use of approximations. 
Table 1.1 lists four common spatial analysis models, 
along with related objectives. 
Table 1.1 
Several Location Models 
Model Objective 
Set Covering Minimize the number of facilities needed to cover the service area (i.e., all demand) 
within a particular response time 
Maximal Covering Maximize the demand (or area) covered by a given number of facilities within a 
particular response time 
p-Center Minimize the maximum weighted travel time from a set of p facilities to 
all nodes 
p-Median Minimize the weighted average travel times from the nearest of p facilities to 
all nodes 
Several problems arise in most detenninistic attempts to 
model an EMS system. Detennining the "goodness" of a 
solution can be a problem. The "best" solution generated 
by one technique may be inferior to a solution produced by 
another procedure. This may occur for one of three rea-
sons. First, one procedure may always produce results that 
are no better than those produced by an alternate solution 
technique using the same objective{s). Second, one heuristic 
may produce inferior results for a particular data set when 
compared with another approach to solving the same prob-
lem. Third, the set of sites that is best for one objective 
may not be as good as an alternate set of sites for a dif· 
ferent objective. This third common situation warrants the 
most careful consideration by the policy analyst. The pos-
sibilities indicate that it is desirable to verify results using 
alternate models. 
Differences will exist between the real system and the 
idealized system. For example, it is difficult to estimate 
the travel time between any two points qn a system because 
that travel time is not constant in real life. There are large 
temporal variations on a road network in traffic volumes, 
which affect the response times of emergency vehicles. The 
"need" for EMS service is also difficult to estimate because 
one cannot define true EMS demand. Historical data are 
but surrogates for future demand patterns. 
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Another facet of response which is rarely addressed in 
models is the delay between the onset of a medical incident 
and the moment of vehicle dispatch. This call processing 
delay can be important in interpreting model results. 
DEVELOPMENT OF INPUT DATA 
Facility location models require infonnation relating to 
service demands as input to detennine optimal locations. In 
EMS location problems, historical call data are commonly 
used as the demand surrogate. To undertake a location 
analysis, EMS Policy Research Project members perceived 
the need to develop procedures that could aggregate and 
array historical call data. To meet this requirement the Call 
History Analysis Package {CHAP) and various computer 
mapping programs were developed and utilized. Both are 
described below. 
Call History Analysis Package (CHAP) 
The Call History Analysis Package {CHAP) was devel· 
oped by Professor Mark Daskin and Mr. Edmund Stern. 
This program is a collection of routines that aggregate and 
array data in ways determined by the user. It generates in· 
formation on the spatial and temporal patterns as well as 
the nature of emergency medical calls, as a means of esti-
mating demand for EMS. This information may be analyzed 
separately, or it may be used as input to another program. 
The CHAP program is actually a collection of four sep-
arate computer programs that analyze records of the loca-
tion and nature of calls for EMS assistance and the re-
sponses of the EMS vehicle to these calls. One program, the 
Call Analysis Program (CAP), can .Pe used to aggregate call 
data by EMS vehicle, dispatch zones, types of calls, time in-
tervals during which the call occurred, whether the patient 
was transported or not, as well as other descriptions of 
calls. All or only a part of the recorded call data may be 
analyzed. 
A second program, the Response Analysis Program 
(RAP), calculates both the relative and cumulative frequen-
cies of response times, vehicle on-scene times, transport 
times to the hospital, and the length of time vehicles spend 
at the hospital, for any user-supplied periods. The Zonal 
Aggregation Program (ZAP) calculates both the relative and 
absolute frequencies of calls for geographical locations. It 
too can analyze selected portions of the data base. The 
fourth program, which generates additional data (GAP), is 
used only when additiortal data are to be added. 
Figure 1.1 illustrates the data required for the execution 
of CAP, RAP, and ZAP, as well as the output data gen-
erated by these programs. The figure also summarizes how 
this information can be used in analysis. 
COMPUTER MAPPING PROGRAMS 
Relationships between economic, demographic, or 
health variables may not be evident when data are repre-
sented in tabular or matrix form. SYMAP, SYMVU, and 
CALFORM are three computer programs that generate pic-
torial representations of these data in the form of computer 
maps. The programs produce three types of maps: contour, 
conformant, and proximal. A contour map is a series of 
closed curves known as contour lines which connect all 
points having the same numerical value. Contour maps can 
be used to display such continuous information as popula-
tion density and age distributions. In a conformant map, a 
discrete data value is allocated to each specific bounded 
region; an example would be a city map indicating popula-
tion by census tract. In a proximal map, the data points 
themselves define the map. Zone boundaries are created by 
the computer, equidistant from adjacent points to which 
data values have been assigned. A proximal map can be used 
to depict the primary service area covered by a particular 
EMS vehicle base. 
SYMAP can be used to plot any of the three types of 
maps via a standard remote job entry terminal printer. 
SYMVU uses SYMAP data and a pen plotter to produce 
three-dimensional oblique view contour, conformant, or 
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proximal maps. The third mapping program, CALFORM, 
uses a pen plotter to create two-dimensional conformant 
maps. 
DETERMINING WHICH LOCATION MODEL TO USE 
Many factors are involved in selecting analytical methods 
for evaluating emergency medical systems. A model user 
must identify the "real" problem while recognizing that 
formulation, as reflected in the model, influences the per-
ception of the "real" problem. In addition, factors such as 
model availability and the quantity and quality of data rep-
resentation affect model selection. For example, a model to 
minimize response time is not appropriate unless records or 
estimates exist regarding vehicle response times. 
Another factor to consider in model selection is the ease 
of model use. Ease of use entails several considerations. 
First, a model should be readily available, considering the 
time constraints to which most "real world" analyses are 
subject. Next, the model should be easy to run. If the 
model requires computer computations, adequate computer 
facilities must be available. In addition, model results must 
be easily interpreted. Most EMS models are sophisticated 
and require the assistance of personnel trained in their use. 
The costs of a model also warrant consideration. A po-
tential user will want to know whether a program must be 
purchased from a vendor and whether it is expensive to use. 
Most EMS problems are sufficiently complex that multiple 
executions of the model are required to produce a satis-
factory result. Thus, even though the cost of each execu-
tion (or "run") may be small, the cost of one hundred ex-
ecutions could significantly affect a project budget. 
A final criterion in model selection is its purpose. A 
model designed only to generate statistical information 
about competing EMS site configurations may not be an 
ideal approach for selecting EMS vehicle locations. 
The two models used in the Austin EMS study were (a) 
the GAS model, which consists of two heuristic algorithms 
that maximize coverage, and (b) the CALL/CZSR model, 
another heuristic, whose objective is the minimization of 
average system response time. These models were chosen 
based on the various selection criteria. 
The primary factor in selecting these models was the 
availability of the models and personnel skilled in their use. 
The CALL/CZSR model was created by Professor James A. 
Fitzsimmons (4) to analyze EMS service in Los Angeles, 
California. The GAS program was developed by Professor 
Richard Church of the University of Tennessee (5). Both 
individuals served as consultants to this study. 
A second consideration was that these models could pro-
vide insights into the relative performance of the Austin 
EMS system and could suggest better vehicle site configura-
tions. Third, these models could be executed on The Uni-
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PROGRAM INPUT 
Call data for geographic area 
for 
• vehicle number 
• dispatch zone 
• call type 
• time lnteryal 
• patient transport 
for all or part of the data 
period 
PROGRAM OUTPUT 
Summary frequency statistics 
by selected time interval and 
week 
• average number of calls 
• variance 
• standard deviation 
• percent of calls 
Distribution matrix 
• number of calls during each 
time interval each week 
INFORMATION USED TO 
Analyze when and where types 
of calls occur (using selected 
parameters) 
Determine distribution of 
calls by type of responding 
ambulance 
Figure 1.1 
CHAP Flow Chart 




All available call data (times) 




Number of calls, relative 
frequency of calls, cumula-
tive fraction of calls by 
minute intervals for 
• response time 
• time at scene 
• transport time 
• time at hospital 
I 
INFORMATION USED TO 
Analyze efficiency and effec-
tiveness of the system 
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PROGRAM INPUT 
Call data by city serial zone 
for 
• vehicle number 
• dispatch zone 
• call type 
• patient transport 
for all or part of the data 
period 
PROGRAM OUTPUT 
Total and daily average 
number of calls for each 
zone 
Punched card output with 
same data as above 
INFORMATION USED TO 
Calculate average call 
frequency 
Analyze where demand 
occurs in the city 
Represent demand in 
CLASGAS 
Supply input to mapping 
program 
versity of Texas at Austin computer system; other models 
considered for use require more computer storage space 
than exists on The University of Texas computer. Finally, 
the data available to the study members were adequate for 
running both GAS and CALL/CZSR. 
Three types of data are required by these models: a 
matrix of travel times, historical call data, and population 
data. The travel time "matrix" is an estimate of the expec-
tecl. vehicle travel time from any serial zone in Austin to 
every other serial zone. The matrix of travel times used in 
this study was based on a joint Austin Transportatl.on 
Study Office and Texas Highway Department study com-
pleted in 1977 (6). Call data, used to represent EMS de-
mand, were recorded by Austin EMS dispatchers for De-
cember 1976, and January , June, July, and August 1977. 
The record for each call included both temporal and spatial 
information (7). Population and housing data, used to de-
termine the nature of EMS demand, were adapted from the 
1976 Special Census of Travis County, Texas, conducted by 
the U.S. Department of Commerce, Bureau of the Cen-
sus (8). 
Perfonnance of the Models 
After extensive use of these. methods, it is possible to as-
sess both their strengths and weaknesses in representing the 
EMS vehicle siting problem in Austin, and the quality and 
cost of their results. 
CALL/CZSR is a heuristic for solving a p-median type 
problem. GAS is a procedure designed to solve the maximal 
covering problem. Although each attempts to model some 
of the features of an EMS system, each has shortcomings. 
The CALL/CZSR model seeks to minimize the average 
response time of a system of EMS vehicles, taking into ac-
count the probability of vehicles being busy. It does this by 
searching zones contiguous to user-defined initial vehicle lo-
cations and attempting to reduce response times for the en-
tire system. It continues the search until some upper limit 
Ofl iterations is reached or until the improvement in re-
sponse time is less than some limit (9). 
The GAS model consists of two algorithms, GA and 
GAS, both of which solve the maximal covering location 
problem. The GA (Greedy Adding) algorithm starts with no 
sites selected and locates vehicles one at a time at the 
facility sites that maximize call or demand coverage. The 
best facility site at any point in the algorithm is defined to 
be that site which covers at least as much of the uncovered 
demand as any other site. The GAS (Greedy Adding with 
Substitution) algorithm differs from GA only in its ability 
to substitute for previously located sites that are no longer 
justified. 
Both GAS and CALL/CZSR programs provide informa-
tion about (a) the percentage of calls that can be reached 
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by any given vehicle site configuration, and (b) statistics 
about individual vehicle and system performance. Both list 
the service areas of vehicles and the sites that should re-
spond to calls made from particular zones. 
Neither GAS nor CALL/CZSR fully addresses the prob-
lem of covering areas of demand left uncovered when ve-
hicles are busy-the problem of real-time vehicle deploy-
ment. For example, consider an EMS system with two 
vehicles operating from separate facility sites. When one 
vehicle is busy, the other vehicle must respond to the next 
call, whether it be in that vehicle's primary service area or 
in the area served by the other vehicle. While the idle ve-
hicle may have been optimally located to cover its own de-
mand area, its location is probably not optimal for covering 
both its own area and the area covered by the other, busy 
vehicle. Although CALL/CZSR does take a simulated pat-
tern of calls and busy vehicles into its siting considerations, 
it does not simulate real-time control strategies. Both sim-
ulation and optimization models could be developed to deal 
with this EMS operating problem. 
One problem with evaluating the results of both models 
is that the outputs are limited by the quality of the input 
data. The travel time projections are based on assumptions 
regarding the nature of vehicular travel and the rationale be-
hind driver decisions. For example, the time estimates re-
flect a hypothetical structure for the city of Austin in 
1995; many uncertainties surround such estimates of travel 
time over a metropolitan area. Call data from 1976-1977 
may or may not reflect the pattern of future calls. Patient 
tracer data, describing the patient status, would have been 
useful for verifying the effectiveness of the EMS system; 
these data were not available. In addition, the call data were 
recorded in whole minutes. This logging procedure may 
have caused errors in our response time calculations. The 
volume of data-4,331 calls collected over five months-was 
large enough to provide some consistency, but not suf-
ficiently large to insure statistical accuracy for long-term 
projections. 
The population and housing information from the 1976 
Special Census of Travis County was accumulated by census 
blocks, small homogeneous areas including tens or hundreds 
of persons. These data had to be aggregated to the same 
geographical units as the other data, to transportation serial 
zones. The data translation process may slightly distort the 
census information. 
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Chapter 2 
A Manual for Users of the CHAP Pro~m 
An EMS system is a collection of vehicles, persons, and 
equipment that provide medical assistance and transporta-
tion in emergencies. One early stage of EMS planning 
should be the evaluation of the place, time, pattern, and 
nature of emergency events. Members of the Austin EMS 
study team have developed four computer programs called 
CHAP (Call History Analysis Package) to aggregate and ar-
ray historical data. 
The primary purpose of this chapter is to discuss the 
capabilities of CHAP and to illustrate its use in the analysis 
of EMS call information. Sections in this chapter include 
information on program capabilities, job control and para-
meter cards, default values, and output information of each 
of the four programs as applied to a set of Austin EMS call 
records. 
OVERVIEW OF CHAP 
CHAP is designed to analyze historical call data, the in-
formation contained in dispatcher records of all calls re-
ceived by the Emergency Medical Service Department of 
the City of Austin. Depending upon the user's interests, any 
combination of the following four programs may be ex-
ecuted: 
- Call Analysis Program (CAP); 
- Response Analysis Program {RAP); 
- Zonal Aggregation Program (ZAP); 
- Generation of Additional Data Program (GAP). 
The last program {GAP) allows the user to generate and 
store three items of information not recorded by the City 
of Austin for each EMS call: the day and the week during 
which the call was received, and a code to indicate if the 
call occurred within a week for which seven complete days 
of data exist. After this information has been added to the 
call data, the computer tape which stores the data is rewrit-
ten. The user may request output in the form of computer 
cards, each of which will contain information (including the 
recent additions) on one EMS call.• GAP need only be ex-
ecuted when additional data are added to the data set.t 
* Special instructions (not described in this chapter) must 
be used to generate a new set of computer cards bearing 
this information. 
t GAP is a special purpose routine based on the data avail-
able on June 1, 1979. Minor changes to GAP may be re-
quired before it is executed using additional EMS call in-
formation. 
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Since GAP is not used to analyze calls, it will not be dis-
cussed further. · 
The other three programs-CAP, RAP and ZAP- gen-
erate summary statistics from the historical record of EMS 
calls. The Call Analysis Program {CAP) aggregates historical 
call information for each vehicle by geographical location, 
type of call, dispatch zones, and time interval. The program 
also lists the data in tabular form. The Response Analysis 
Program (RAP) permits the user to calculate a historical 
frequency distribution of system response time to calls, 
vehicle on-scene time, transport time to hospital, and 
time at the hospital. The Zonal Aggregation Program (ZAP) 
can compute and display information on the total number 
of calls from each city serial zone. ZAP can also generate 
punch card output. 
The CHAP program uses data from incoming EMS calls 
based upon dispatcher records that are stored on a com-
puter file. The format specification for each computer card 
image* is shown in Table 2 .1 . The time information was ob-
tained from punch·dock records (in whole minutes) of 
4 ,331 incoming calls to EMS recorded in December of 1976 
and January, June, July, and August of 1977 (1). The GAP 
program generated card columns ~ l through 24 . 
Most of the CHAP subroutines are capable of identifying 
card images with unacceptable values. For example, if the 
hour of the call in a card image exceeds 23 (e.g., 26th hour 
of the day), the call data would be flagged as unacceptable. 
Each subroutine will print a message describing the nature 
of the error and the card image that caused the erroneous 
condition to be generated. 
The user of EMS call information implicitly makes a 
nwnber of assumptions concerning its validity, complete-
ness, and consistency. The user must assume that the EMS 
Department recorded and reported the call data accurately 
and in a consistent pattern. Another way to say this is to as-
sert that all incoming EMS calls were recorded and that 
there are no coding errors in the call data. If a user plans to 
generalize for future EMS policy on the basis of these 
records, he or she implicitly assumes that future calls will 
mimic the patterns established in the limited historical 
record of calls. 
• The original data were punched on computer cards. Data 
used in analysis are read from files of computer card 
images. 
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Table 2.1 
Columns 
Format Specification for Call Data 
Definitions 
14 zone number where call originates 
5-6 month of call 
7-8 date of call 
9-10 time of call, hour (0-23) 
11-12 time of call, minutes (0-59) in that hour 
13-14 time of arrival on scene, minutes in an hour (0-59) 
15-16 time of departure from scene, minutes in an hour (0-59) 
17-18 time of arrival at hospital, minutes in an hour (0-59) 
19-20 time of departure from hospital, minutes in an hour (0-59) 
21* day of week (l-7, Monday = l) 
22-23* rank order of the week in which the call occurred 
24* 0 (if data exists for the full week in which the call occurs) 
1 (if data does not exist for the full week in which the call occurs) 
25-26 reference number of dispatched ambulance 
27-29 zone from which ambulance was dispatched 
30-32 code number for the type of call 
*These data are added by the GAP program. 
Control Cards, Program Selection, and Default Values 
To run CHAP, the user needs certain job control cards 
and various parameter cards. The control cards required to 
execute the CHAP program are listed in tables in the ap-
pendix for both the City of Austin (Table 2.14) and The 
University of Texas (Table 2 .I 5) computer systems. Table 
2.16 lists the card substitutions required to obtain ZAP out-
put in punched card form using The University of Texas 
computer system. 
The first card following the job control cards* specifies 
which of the four subroutines in CHAP the user wishes to 
execute. Table 2.2 indicates the command needed to select 
each of the four programs. Within a single CHAP run the 
user can execute any number of analyses by inserting pro· 
gram selection cards along with the appropriate subprogram 
• The cards described below are actually inserted in the 
job control decks (Tables 2.14 to 2.16) at the location 
specified by parameter blocks A through K. 
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Table2.2 







Call Analysis Program (CAP) 
Response Analysis Program (RAP: 
Zonal Aggregation Program (ZAP) 
Generation of Additional Data 
Program (GAP) 
*Begin to keypunch each of these variables in column 
one. 
parameter cards. For example, if a user wishes to run both 
CAP and ZAP, the AGGREGATE card can initiate ZAP 
after the deck of CA.P cards. The subprograms may be ex-
ecuted in any order in the CHAP run. 
In the event a user does not include certain parameter 
cards, the CHAP program has been provided with built in 
"initial" default values (see Table 2.17). CAP and ZAP have 
provisions to override the initial default values and use 
"current" default values for subsegment runs. These op-
tions are explained in the CAP section dealing with CON-
TINUE AND REST ART parameter cards. 
THE CALL ANALYSIS PROGRAM (CAP) 
CAP computes the relative frequency of EMS calls by 
user-specified time intervals, geographic areas, incident 
types, vehicle indentification numbers, dispatch zones, 
temporal portions of the data set, or days of the week. In 
addition the user can analyze transport calls only, non trans-
port calls, or all calls. The program will compute frequency 
counts, averages, variances, standard deviations, and per-
centages for these specifications. 
The options for geographical area include all serial zones 
of the city, numerical ranges of zones, individual zones, and 
combinations· of numerical ranges and individual zones. The 
zones used in this study were the 358 serial zones defined 
by the Austin Transportation Study Office (2). These serial 
zones approximately aggregate to census tracts and plan-
ning areas. 
The time interval options included: (a) the months or 
weeks under analysis (TIME cards); (b) the days under 
analysis (PERIOD cards); and (c) the hour interval (IN-
TERVAL cards). The first two options are used to select a 
subset of EMS calls for the analysis. When the user specifies 
the months or weeks of interest, the beginning and ending 
9 
A Manual for CHAP 
months and dates may be defined on parameter cards. The 
user can generate relative frequency information for various 
periods in a week-the full week, particular days of the 
week, or groups of days. The hour option is used to specify 
the number of hours (the time interval) into which call 
events shall be aggregated. . 
The ambulance option allows the user to study the re-
sponse for a single EMS vehicle, a group of vehicles, or all 
the vehicles. The dispatch zone option similarly allows a 
user to select a single zone for dispatch , a group of zones, 
or all zones. A maximum of ten specific zones for dispatch 
or ten specific vehicles can be selected for these parameters. 
The Austin EMS Department has assigned each EMS 
response to one of eleven incident types. For example, 
"GUN" represents those responses where a form of violence 
occurred (stabbing, shooting, or assault). The user may 
choose to analyze data for a certain category, a group of 
categories, or for all types of calls. 
The transport/no-transport option allows the user to in-
clude all the calls in the data base, include only those EMS 
vehicle responses which transported patients to the hos-
pital, or include only those which did not transport a 
patient to a hospital. 
Card Punch Procedures 
This section provides information on the various para-
meter cards that may be used in executing a Call Analysis 
Program. For ease of identification, each block of para-
meter cards is designated alphabetically A through K. Table 
2.17 lists card punch formats. The following text provides 
the user with an explanation of the options available with 
each parameter. 
The Program Selection Card, block A, begins the CHAP 
program deck. The following blocks of ca.rds (through I) 
may appear in any order. These cards must be followed by 
blocks J and K in that order. 
Block A- Program Selection Card 
These parameter cards specify which of the four pro-
grams in CHAP the user wishes to execute. Table 2.2 (see 
above) indicates the command needed to select each of the 
four programs. 
Block B- Zonal Parameter Cards 
Block B specifies the city zones for which call incident 
data should be aggregated. As many as fourteen parameter 
cards are required if a user wishes to specify particular 
zones or numerical ranges of zones. The first parameter 
card specifies the extent of the geographical area of in· 
terest. Titis area can be the entire city (all city zones), 
ranges of city zones, or particular zones of the city. If a 
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user is interested in all city zones, then only one zonal para-
meter card need be included in the parameter deck; the re-
maining cards are unnecessary and should be omitted. 
A set of cards is necessary to identify either the numeri-
cal range of city zones or the individual zones by which the 
user wishes to aggregate calls for service. The first card iden-
tifies the option selected and the following cards identify 
the zones or ranges of zones. A maximum of five ranges or 
a maximum of fifty individual zones may be specified when 
using these options. A final parameter card with the word 
"END" punched on it signals an end to the geographical 
specifications for each suboption. It is used whenever nu-
merical ranges of the city zones or individual city zones are 
specified as part of the geographical area. 
A combination of ranges and particular city zones may 
be analyzed during one run. If the user is interested in 
specifying an area of this nature, then two sets of block B 
parameter cards would be required, each of which must be 
tenninated by an END card. One set would describe the 
range of zones and the other the particular city zones of in-
terest. 
Block C- Period Parameter Cards 
Block C indicates the time period for aggregating EMS 
calls. If the user wishes to perform an analysis of weekly 
call data, then only one parameter card is necessary. As 
many as nine parameter cards can be included in a card 
deck if a user is interested in analyzing specific days of the 
week. 
The first parameter card specifies whether the whole 
week or particular days of the week are to be analyzed. The 
second parameter card or deck of cards is necessary if the 
first parameter card specifies "DAYS," indicating the desire 
to analyze calls that occurred on specific days of the week. 
One day can be punched on each card. 
All seven days of the week can be analyzed by either the 
WEEK or the DAYS option. Although both runs would an-
alyze all seven days of the week, they would produce dif-
ferent numerical results. If the WEEK option is utilized, 
CAP analyzes call data only for those weeks in which data 
for all seven days are available. Under this option the num-
ber of Mondays is equal to the number of Tuesdays, and so 
on. If the DAYS option is selected, the program will in-
clude a larger number of EMS calls, since the number of 
Mondays in the data set may differ from the number of 
Tuesdays, etc. Although the DAYS option includes a larger 
number of calls, it is not as regular a set of data. Thus, the 
WEEK option is recommended over the DAYS option for 
analyzing calls from all seven days of the week. 
A final parameter card with the word "END" on it 
tenninates block C infonnation, if the DAYS option is 
selected. If block C cards are omitted, CAP utilizes the de-
IO 
fault value as the period option. 
Block D- Interval Parameter Cards 
The two parameter cards of block D specify the way to 
subdivide time for aggregating EMS calls. Both cards are re-
quired whenever the user specifies an hour interval other 
than the default value. The word "INTERVAL" is punched 
on the first parameter card to indicate that the subsequent 
card contains the interval length. The second parameter 
card specifies the exact "number of hours" to be used in ag-
gregating the call data. Any integer value from I through 24 
can bepunchedonthiscard. Values of 1, 2, 3,4, 6, 8, 12,or 
24 are recommended. 
Block £ - Time Parameter Card 
This block indicates the length of the historical record of 
EMS calls to be included in the analysis. If the user is in-
terested in call data for a specific range of calendar dates 
(e.g., some subset of the total historical record), then block 
E cards are required. 
The first parameter card contains the word "TIME," de-
noting that a specific range will follow. The second para-
meter card indicates the beginning and end of the period 
for which call data are to be aggregated. The number of the 
beginning month must be less than or equal to the number 
of the ending month. If the initial and final months are the 
same, then the beginning date must be less than or equal to 
the ending date. 
Block F- Type Cards 
Block F cards indicate the type of incident to be an-
alyzed. If the user wants to analyze data with all calls in-
cluded, only one card is required. If specific call types are 
of interest, three card sets are required. The first card indi-
cates a specific type (or types) will be analyzed; the second 
set of cards names the type(s). An END card completes the 
parameter deck. 
Eleven different call types have been catalogued in the 
Austin data set. A user may specify one or more of these 
types by inserting a card for each type after the first para-
meter card. An END card must appear at the end of the 
block of card's. The call type categories are listed in Table 
2.3. 
Block G- EMS Vehicle Card 
This block of cards is used to .isolate the activity of one 
or more EMS vehicles. To include all vehicles the user needs 
only a single card with "AMBULANCE" and "ALL" 
punched in the correct columns. Two cards are used to iso-
late the activity of one or more vehicles. The first card indi· 














Types of EMS Calls 
Type of Incident 
motor vehicle trauma 
overdose, poison 
stabbing, shooting, assault 
accidental injuries 







second card specifies the ambulance numbers. The second 
card can specify up to ten ambulance numbers. 
Block H-Dispatch Parameter Card 
Block H is used to isolate the performance of vehicles 
dispatched from specific serial zones. If all dispatch zones are 
of interest, the user needs only a single card with the words 
DISPATCH and ALL in the correct columns. To specify cer-
tain dispatch zones the user must insert two cards. The first 
card indicates that one o r more dispatch zones will be con-
sidered in the analysis and the second card identifies the 
zones. A maximum of ten zones may be identified. The 
output will reflect aggregate activity of vehicles dispatched 
from the identified zones. 
Block I-Transport Parameter Cards 
This parameter allows the user to differentiate between 
all calls and calls for which a patient was or was not trans-
ported to the hospital. A user can analyze all calls by in-
cluding a single card with ''TRANSPORT" and "ALL" 
punched on it. To select only transported calls for analysis, 
the user punches a single card with ''TRANSPORT" re-
peated twice in the proper columns. If non transported cases 
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are to be analyzed , the card will indicate this with the 
words ''TRANSPORT" and "NOTRANS." 
Block J-GOMAN Parameter Card 
Block J contains one required parameter card which 
initiates the analysis. It should follow all parameter cards 
used to describe the analysis. The option "PRINT" specifies 
that CAP should print the table listing the call frequency 
for each possible time interval, aggregated over all serial 
zones in the analysis. The option "NOPRINT" specifies 
that this table should not be included in the output. 
Block K- Program Continuation Cards 
The block K card allows the user to instruct the com-
puter to execute multiple analyses with a single CAP run. If 
either "CONTINUE" or "REST ART" appears on a card, an 
additional analysis is indicated. Only one of these words 
should be used at a time. 
The "CONTINUE" command is used to perform a sub-
sequent analysis which makes only minor modifications to 
the parameters of the previous run. For example, assume 
that a user wishes to run two data analyses, one with an ag-
gregation interval of two hours and the other with a four-
hour interval. In this case, the CONTINUE command di· 
rects CAP to use the most recent parameter values (as "cur-
rent" default values), rather than the "initial" values built 
into the program. The only parameter cards required in ad-
dition to the CONTINUE card would be the INTERVAL 
cards and the GOMAN card. 
The "REST ART" command is used if a subsequent 
analysis differs significantly from the previous analysis. In 
such a case, the initial CHAP default options may be a more 
convenient set of parameters. For example, imagine that a 
user seeks information on the number of calls in certain 
zones for four-hour periods on specific days of the week-
with all other parameters the same as the initial default val-
ues. In this case, the user would use the RESTART card 
and add cards specifying the desired time interval, the days, 
and the zones. The RESTART command will instruct the 
computer to use the initial default values along with the 
specified parameters. 
If a block of parameter cards is omitted, the initial or 
current default value will apply, depending on whether the 
CONTINUE or RESTART cards are used. For example, if a 
card deck represents the first CAP after the ANALYZE 
command or if it follows a RESTART command, then the 
initial default values apply. However, if the run follows a 
CONTINUE command, the current default options apply. 
Table 2.17 gives the initial default options for all parameter 
card sets. 
Analysis of EMS, Volume II 
A Sample Problem 
The foregoing discussion has dealt with general proce-
dures and inputs for the Call Analysis Program. To better 
understand these procedures a sample problem is now pro-
vided. This problem will also be used in the following sec-
tion to illustrate the output of CAP. 
The problem is to find the temporal distribution of four 
incident types in the central business district of Austin 
using a two-hour time interval. The parameter values are 
listed in Table 2.4. When the problem's parameters are 
identical to CHAP's initial default values, no parameter 
cards are needed. 
Table 2.4 
CAP Sample Problem 
Variable Sample Values 
Type call* GUN, DRUG, ACCIDENT, 
UN CON 
Zones* 1-22, 51-55, 166, 167 
Period week 
Hourly interval* two hours 
Time period all months 
Ambulance all ambulances 
Transport/no-transport all calls 
Dispatch zones any zones 
* Indicates that a set of parameter cards would be required 
in the program deck. 
Figure 2.1 illustrates the general arrangement of card 
blocks needed to run this sample problem. As this is a Call 
Analysis Program, the block A card must be punched with 
the word ANALYZE. The block B, D, and F cards directly 
follow block A. The first zonal parameter (block B) card 
specifies that ranges of city zones are to be analyzed. The 
second through fourth cards specify the.ranges- three cards 
can describe the central business district. An END card 
completes this block of cards. The type of call (block F) 
cards follow the zonal cards in this example. The first card, 
with the words TYPE and SOME, indicates that specific 
types are to be analyzed. Following this card are four cards, 
each specifying a type of call. For the sample problem these 
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are GUN, DRUG, ACCIDENT, and UNCONSCIOUS. An 
END card completes this block of cards. The third block of 
cards specifies the interval, which in this case is two hours. 
The first card has the single word INTERVAL punched on 
it. The second card defines the interval as two hours. A 
GOMAN card follows these cards to initiate th~ analysis. 
Table 2.19 lists both these cards and the control cards 
necessary to run the sample analysis on The University of 
Texas computer system. 
CAP Output Infonnation 
Four types of CAP output information for the sample 
problem are represented in this section. One type of out-
put, shown in Table 2.5, is a set of error summaries. This 
table lists erroneous incident information that is excluded 
from the analysis. For example, the circled numbers 8 (first 
3 lines) indicate that in three cases the EMS dispatcher re-
ported that vehicle 8 was dispatched; no such vehicle iden-
tifier existed at the time. The circled numbers 314, 0, and 
16 indicate a report of call type 314, 0, or 16. No such call 
type exists. 
A second output, illustrated in Table 2.6, is a listing of 
the parameters which have been selected by the user. For 
the sample problem this information would be identical to 
Table. 2.4. If the DAYS option were used, the circled out-
put information for the DAYS OF THE WEEK would be 
replaced by the words MONDAY (21), indicating 21 Mon-
days. 
Table 2.7 is a list of summary call frequency statistics 
for selected time intervals. The first part of the output lists 
statistics for each day of the week for the selected time in-
terval (only the first two days are shown in Table 2.7). The 
sample problem specified two-hour intervals; therefore, the 
underlined row in Table 2.7 represents the eighth interval, 
or the period from 2 pm. to 4 p.m. on Monday. The num-
ber of specified calls (column 2) for Mondays during this 
interval in the central business district is 2. The average 
number of calls (column 3) is 0.1 calls between 2 p.m. and 
4 p.m. on Mondays. The variance is 0.09 and the standard 
deviation is 0.3 calls. Two-and-a-half percent of the calls 
analyzed in the run occurred during this time interval. The 
second part of the output lists the same statistics for each 
week of the period under study. In this example 80 calls oc-
curred during 21 weeks in these districts. 
Table 2.8 illustrates a fourth possible output, the call 
distribution matrix, which is obtained only if the PRINT 
option appears on the GOMAN card in block J. To illus-
trate the interpretation of the distribution matrix, imagine 
that the user wishes to determine the number of these four 
types of EMS calls made from the central business district 
between 10 p.m. and 12 p.m. on Monday, during the fourth 
week of the call data. The information is shown as the 
A Manual for CHAP 
Figure 2.1 
Complete Deck for the Sample Problem 
Block J - GOMAN 
Block D - INTERVAL 
Block F - TYPE 
Block B - ZONES 
Block A - ANALYZE 
Control Deck 
Table 2.S 
Set of Error Summaries 




·•••ZONE••• A"M.ILAlllC( NUftllElt EXCEPTIONeeeYAR•Ill5• • • CALL OATA FOLLOW. 
162 12 1 11 3 • 16 2• •5 3 1 
•••ZONE•++ A"BULA•CE MU .. 8£11t EICEPTION ••• wa1tfltMS ••• CALL oa TA FOLi.OW. 
75 12 1 15 H 15 23 32 58 3 1 
•••ZON£••• ... 1MILAlilC£ ..... a£• EXCEPTION ••• VAIUUJlll ••• cau. OA 1 A FOLLOW. 
" 12 2 23 21 2' 30 • 0 • 1 
•••ZONE•++ nPE (ICEPTIOM •• • wARIUJrfC ••• cat.L OITA FOLLOW. 
3H 1 11 . ' 50 5• 5 H 37 6 
•••ZOME+++ TYPE EXC[PTION ••• wa.t1JN& ••• CALL DATA FOLLOW. 
312 ' 1• c 0 0 c 0 • 2 11 
111 e •••ZOltC••• TYPE E•CEPTION ...... lll .. INS ••• cat.t. CATA FOLLOW. lH 7 20 18 3• •5 6 15 2 17 
•••ZOfllC••·• lltO•ITH EXCEPTJM ......... , .. , ••• cat.t. DATA FOLLOW. 
-o -1 -o -o -o -o -o -o -o -o -o -o - o -o -a 
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Table 2.6 
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circled number "I" in Table 8 under week 4 and across 
from period 12. Since the two-hour intervals begin at mid-
night, period 12 represents the 22nd and 23rd hours (be-
tween 10 p.m. and 12 p.m.) of the first day in the fourth 
week. 
This output provides the planner with demand informa-
tion based upon historical data for various sections of the 
city. For the sample problem, the analysis deals with the 
central business district. The information provides the plan-
ner with a better understanding of the busy periods of the 
day or week for certain calls of a critical nature. It indicates 
the sites of greatest demand for EMS vehicles and can aid in 
the workload planning. The measures of demand calculated 
by CAP can be used by other programs in the analysis of 
alternate EMS vehicle sites. 
Table 2.7 
Summary Frequency Statistics• 
I. Statistics for Days of the Week 
lllTERVAL COUNT U(RAGC VUUllC[ STD. DEV. PCRCEllT 
1 2 . .11 •°' .JO 2 . 50 2 o. o.oo o.oo 0 -~~ o.oc 
l o. 0 .oo o.oo a .3J o.oo 
• o • o.ot o.oo 0 .oo o.oo 
5 o. o .oo o.co 0 .J.) o.oo 
6 o. o.oo o . oo 0 ., , 1.00 
1 o . o .oo o.oo c .: : o.oc 
• • . .. ·- .. " .. 
' 1. .05 .o5 .22 1.25 1' J. .1• .2l .•a J.15 
11 o . 1.00 o.oo 0 .o: 0 .oo 
12 .. .19 .16 •• o s.to 
1l 1. .05 .05 .22 1.25 
14 2. .10 •°' .Jo 2.50 15 o. 0 . GO 0 . co 0 . 3~ o. oo 
16 1. .05 .05 . 22 1.25 
17 1. .o5 .05 .22 1.25 
18 2. .10 •°' .Jo 2.50 1' o. 0 .co o.oo 0 • ., ' o.oc 
20 2 . .10 •°' .JO 2.50 21 1. .c5 .05 .22 1 .25 
22 o. 0 .oc 0 .co 3 .<J; , ·' ; 
23 lo .05 .o5 .22 1.25 
24 1. oC5 .05 .22 1.25 
*Due to space limitations, the data for only the first two days of the week are shown above. 
II. Statistics for Each Week Under Study 
WEEK COUNT AVERAGE VUIAllC[ STD. ocv. PERCEllT 
1 1. . 0 1 .01 .u 1 . 25 
2 .. .05 .os .21 s.o, 
l J. . o• .Cl ·" 3.15 • l • .04 .OJ .1, '·'' 5 lo . 01 .01 .11 1.25
6 60 .v1 .01 . 26 7.50 
7 J. .c• .05 ·" J.75 • 2 . .02 . 02 .15 2.5~ 
' .. . C5 .c5 .21 5.oo 10 2 . .n .02 .15 2o50 
11 .. .05 . 05 .21 s.oo 
12 6. . 01 .01 .26 7.5~ 
ll lo .a. · ' l .19 3.15 
14 6 . . o 7 .01 026 7.'50 
15 .. .05 . 05 .21 ,.,o 
16 1. - ~· . ; ' .2a a . 15 17 5. .06 .oa .2a 6.25 
18 6 · .07 . o, ·" 7 . 53 1' lo .o . .OJ .19 l.15 
20 .. .a5 .05 .21 5 . 00 
21 J. .04 .OJ .19 3 . 75 
•••TOTAL OClllAN O AllUl TZEO VAS ac. CALLS. 
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Table 2.8 
Distn"bution Matrix• 
PCRIOO 1 2 s • 5 • 1 • ' 11 11 12 1S 14 15 a 11 1a " 20 21 22 23 2• 25 2• 27 28 n se TOTAL 
1 • • 0 • • • 0 • 1 1 0 • 0 0 • • • 0 0 0 • ' 0 0 0 0 • 0 2. 2 • • • • • 0 0 • 0 0 0 0 e 0 0 0 0 0 0 ' : ;; 0 0 ' 0 c !4. 3 0 0 0 0 0 3 • • a • • 0 0 I • • e • 0 • 0 0 0 0 0 0 0 3 . • • • • 0 • • • 0 0 • • 0 0 0 • 0 a 0 • • ' a 0 0 ' 0 0 c. 5 0 0 0 0 0 0 c ' 0 0 • 0 0 0 • 0 0 ' 0 3 c c 0 ~ ' ' J. ' 0 0 0 0 • 0 • 0 I 0 • 0 0 0 • 0 0 c • I G c 0 0 3 ' • e. 1 · O I 0 0 • 0 0 0 0 0 • • 0 0 0 0 e 0 c 0 ' 0 0 ~ 0 0 e '· • 1 • 0 1 0 0 J 0 e 0 I 0 0 0 . a 0 ~ 0 3 • = 0 ' J 0 0 0 2. ' 0 c 0 0 1 • 0 • 0 0 I I 0 • I 0 0 0 • I 3 0 0 • 0 • , 1 • 10 I 0 • I 0 • • • • • 1 • • 0 2 • • D 0 0 0 • 3 3 J ' 0 3 • 11 • ·~· • 
0 0 0 ' 0 0 0 0 0 I 0 e ~ I = c 0 l t 3 ' ,. 12 • 0 0 1 • 0 1 0 0 0 0 1 • I I D 0 0 • 3 0 0 0 0 0 0 .. 1·3 0 0 • 0 0 0 0 0 0 0 0 0 • G . e 0 ' J 0 l ~ 0 c J. H 0 0 0 0 0 ~ 0 0 0 D c 0 3 c 3 c 3 c. 3 ~ 0 c ' " 0 .. 15 0 0 0 c D 0 0 0 D D 0 t 0 • 0 0 t G • c 0 0 0 0 0 c , . H 0 0 0 0 0 0 a 0 0 ' I 0 0 ' I 0 0 0 c 0 ' ' D 0 0 . e J • 17 • 0 0 D 0 0 0 0 0 0 0 0 0 • 0 ' t 0 : a : e v e e : ~-18 0 0 0 0 0 0 0 • 0 0 0 c 0 0 0 0 = c ; ' ! 0 0 l e 0 ' .. 1' 0 0 0 0 0 J D D c 0 0 0 0 I I I 0 a I 0 0 D • 0 0 0 0 o. 20 0 0 0 0 I 0 0 0 • 0 • I • I • I I a 0 0 I 0 0 0 0 0 0 , o. 21 0 a 0 0 0 0 0 0 0 c 0 • c c 0 • 0 0 0 0 0 ~ 0 0 0 0 0 J. 22 0 0 0 0 0 0 0 3 0 c : 0 0 0 • • • 0 0 0 0 ' 0 0 0 J 0 l 3. 23 0 0 0 • • 0 ' 0 0 0 0 0 • 0 a I 0 0 0 • • 0 0 0 0 0 0 0 J. 2• 0 0 0 0 ' 0 3 0 I 0 0 0 c 0 0 c , e c c 3 0 0 a ~ 0 3 ) . 25 0 0 0 0 0 3 0 0 0 0 0 0 1 c 0 ~ e 0 0 : 0 ;; ;; l l , 0 ' l. 2' 0 0 0 0 0 1 0 0 0 0 0 0 0 • 0 0 0 0 1 3 0 0 0 0 0 0 • .o : 2. 27 0 0 0 0 • 0 0 0 • 0 0 0 0 0 0 0 • • 0 0 0 0 c 3 0 c 0 ~ '· 21 • 0 c 0 0 0 0 c 0 0 0 : , l c , , 0 3 : 0 0 l 0 0 0 0 0 c l o 29 0 0 c 0 c c 0 c 0 , • 0 0 0 0 c 0 c 1 c , 0 0 0 , : J 0 l· SQ • 0 0 • • I 0 0 0 • • 0 1 0 1 0 0 0 0 0 0 • 0 0 • • 0 • 0 z. 31 0 0 0 0 0 0 0 0 0 0 , 0 0 0 0 0 ' • 0 ~ c 3 3 0 , l 0 ' ~. 32 0 0 1 0 0 0 1 e 0 , 0 0 c 0 0 c 0 I ~ 0 c • 0 0 • 0 0 c c 2. 
33 0 0 0 0 0 1 0 0 0 0 0 0 0 0 c • 0 • 0 0 c 0 0 0 0 0 ~ 0 0 1. 3• c • 0 0 0 • 0 3 0 0 c 3 • 0 c 0 0 c l 0 0 J 0 0 G 0 0 0 '· 35 c 0 0 0 0 I 0 0 0 c 0 0 0 I 0 1 0 • 0 0 0 0 a 0 • 0 0 0 , 1. 
" 0 0 
, 0 0 0 0 ~ 0 ~ 1 ., 3 0 0 c c • 0 G c : 0 ~ . ' ' 1 . H 0 e 0 0 0 • 0 c J 0 0 c 0 0 c ' • 0 • ' I 0 0 3 0 0 0 0 o. 38 0 I 0 0 • 0 0 0 0 • 0 ' 0 • 0 0 0 • • c 0 0 0 0 • 0 0 0 0 '· " 0 0 0 0 0 c 0 ·l 0 0 0 , l 0 0 0 3 0 0 ' ~ c ·: , ·: 0 . J.40 0 0 0 0 0 • 0 J 0 • I J 0 3 c c 0 • c 0 • 0 • 0 0 ' • 0 J. 41 0 0 0 0 0 I • 0 0 0 0 0 0 0 • 0 0 0 c 0 0 3 • 0 0 0 0 0 e. •2 0 0 0 0 0 0 0 , , 0 0 0 0 0 c ' 0 0 c , G , 0 , 0 c 0 . ~ -., , 0 0 0 1) 0 , 0 3 0 0 0 J ' c 0 0 0 0 0 0 l 0 0 c 0 0 0 lo •• 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • c 0 c 0 0 0 0 , 0 0 o. '5 0 0 0 0 0 c 0 0 0 • 0 0 , 0 c c 0 c c ~ ~ 0 , 0 ~ ' : , 0 ,. ., , 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 • • 0 c 0 I , 0 0 , J 0 0 ~. 47 0 0 0 c c 0 0 0 0 0 0 0 0 0 c 0 0 0 e u 0 : .• 0 0 0 ~. 
•• 0 0 c 0 c 0 0 ~ ? 0 0 0 ' ' G c ' 0 0 0 ~ 0 : 0 0 , ~ 0 0 ~-. ., 0 0 0 0 0 0 0 ? J 0 • 0 c 0 1 0 c ' 0 0 0 0 G 0 0 0 0 , 0 1. 5( 0 0 • 0 0 • 0 0 0 0 0 • • 0 0 • 0 I 0 0 0 I 0 ? 0 0 ' ' ' c. 51 0 • • 0 0 0 0 0 0 0 0 ~ G 0 0 0 0 0 l c c , ~ ' 0 0 0 0 0 '· 52 0 0 c 0 0 0 0 0 0 0 D 0 e Q 0 ~ 0 c c c ~ 0 0 0 = ' , ,. 53 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 • 0 1 0 0 0 r 0 0 ? 0 0 lo ,. 0 0 • 0 0 0 0 0 0 0 c 0 ' 0 c 0 t c . 0 : 0 1 : 0 ~ 0 a . . 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 c 0 0 0 ~ a 0 ' J 0 0 .. 56 • 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 1 0 0 ~ c c ? l . r r ~ t 1. 57 0 o· 0 c 0 0 0 0 0 0 Q c Q , c c c l l c 0 0 J 0 0 ~ ? l c .. 
*Because of space limitations, the distribution matrix for periods 58 - 162 is not reproduced here. 
THE ZONE ANALYSIS PROGRAM (ZAP) 
ZAP calculates the average call frequency and total num-
ber of calls for any specified set of geographic areas, contin· 
uous periods of time, call types, ambulances, dispatch zones, 
and incident outcomes (patient transported or not). ZAP 
uses many of the input parameters used in CAP; hence, the 
discussion of these parameters is designed to point out the 
differences between the CAP and ZAP inputs. The same 
alphabetical designations for parameter card blocks that 
were used in CAP are used again in the discussion of input 
card blocks for ZAP. It should be noted that all blocks need 
not be used in ZAP; therefore, gaps will appear in the alpha-
betical sequence. Initial default values for the ZAP and CAP 
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parameters are identical (see Table 2.17). Table 2.18 lists 
detailed keypunch instructions for a ZAP parameter deck. 
To select the Zone Analysis Program, a single block A 
card is required, punched with the word "AGGREGATE." 
This card may follow another CHAP program deck. Blocks 
B through I are used in ZAP in a manner identical to CAP. 
However, blocks B and Dare not needed and should not be 
used. The block J (GOMAN card) is used to initiate execu-
tion of the program. Should the user wish to have punched 
output from ZAP, the wo(d ''PUNCH" must appear in the 
proper columns. For detailed instructions, refer to the dis-
cussion below and to Table 2.18. Block K(the CONTINUE/ 
RESTART card) is not used in ZAP. 
Analysis of EMS, Volume II 
Sample ZAP Problem 
The ZAP sample problem is to calculate the average and 
total number of calls of four types-gunshot/violence, drug-
related, accidental injury, and unconscious persons- from 
each serial zone in the city of Austin. The problem para-
meters are depicted in Table 2.9. 
Table 2.9 
ZAP Sample Problem 
Variable Sample Values 
Type call* gun, drug, accident, unconscious 
Zones all zones 
Time period all months 
Ambulance all ambulances 
Transport/no-transport all calls 
Dispatch zones any zones 
*Indicates that a set of panu11eter cards would be requiied 
in the program deck. 
The actual card deck would include the computer con-
trol cards, the block A AGGREGATE card, block F cards, 
and the GOMAN card (see Figure 2.2). All but block F 
parameter values are the same as the initial default values. 
Thus, only block F cards need to be punched; these will be 
identical to the cards used in the sample CAP problem. 
ZAP generates four output tables: (a) a list of error mes-
sages; (b) a summary of the user's parameter requests; ( c) a 
table of the total number of calls in each serial zone for the 
ZAP analysis; and ( d) a table of the average daily calls in 
each serial zone for the ZAP analysis. The error messages 
and user parameter summaries are identical to those pro-
duced by CAP. Tables 2.10 and 2.11 illustrate the summary 
statistics that are generated by ZAP for the sample problem. 
Table 2.10 lists the total number of calls in each zone 
for the four incident types. The ten columns list the zones 
of the city in groups of ten; that is, the first row corre-
sponds to zones 1 through 10, the second row to zones 11 
through 20, and so forth. The 0 through 350 column along 
the left margin simply lists the number of the last zone on 
the previous row. For example, there were 5 calls of the 
type analyzed in Zone 187. There were 147 days analyzed. 
Thus the 5 calls represent 0.034 calls per day as shown in 
Table 2.11. 
Table 2.11, which is read from left to right, shows the 
average number of daily calls from each of the 358 city 
Figure 2.2 
Complete Deck for the ZAP Sample Problem 
Block J · GOMAN card 
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Table 2.10 
Total Calls in Each Zone for Sample Problem 
SUllllARY 0, ZHE COUNTS 
• 5 ' • 10 
' ' 
10 • • ' 
20 2 • 5 
31 2 
41 2 5 
50 5 2 • 5 5 4 
61 • 5 3 • 15 2 
JI 2 ., ' .. 2 3 2 1 1 
" 5 
., 11 
101 3 • 10 
111 2 5 16 15 15 5 11 
120 6 2 5 a 
131 • 2 3 
140 5 3 1 11 
150 11 • 
161 ., • 13 • 11 2G 
171 6 11 21 5 5 15 21 
111 10 H 10 © 3 5 
190 6 6 6 
2DI 5 
210 5 11 
220 
230 6 5 6 10 ' 
240 5 H 
251 6 5 
260 1 6 10 7 
271 
2aa • 2 
2,. 2 
30I 2 2 





TOTAl llll'IER 0' OATA POINTS ANAlYZEO s 1100 
AVCU6E PER ZOllt : .s.~199 
VARIANCE ABOUT AVERAGE : 1•.n 
SlAllOUO OCWIATION = 3. 7504 
TOTAL llU,8£R OF RECORDS READ s 4332 
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Table 2.1 1 
Average Number of Daily Calls per Zone 
ZONAl OA!lf HOH£$ 
1 2 lC 
o.oco . 021 .021 
11 . 101 0.111 .020 .J54 1.010 .054 . 011 1.,10 . 041 . ~0 1 
21 .oH . on .o5• .:5• .~21 . 001 . 01• .c21 . 101 1.oeo 
•O .u1 .OH o.oco .01• .;21 . cH .,.. .c21 •• ,. ~ .ou 
50 .Ol• .107 .o l• .01• .007 eG ~ · . t l• . 1a4 • ) ) 4 . t2T 
•• . 021 .ol• .~21 . 020 . 020 .os• .102 o.ooc • .,2~ .ca• 
70 • 101 I eOOO eOO 1 .014 eOl • • 061 eDIT eO t' 1 . G4l • ! ':7 
•• .01• . 020 .:>07 .001 . 001 .01• .:) . , •••• - ~·· .020 
tO .020 .011 . 020 . J 41 leOIO .034 . : ,1 el! l4 C.l3:.t e 075 
120 .001 .ou .cu o.ooo o. ooo .c 14 . 01• .~14 •• ,. o.ooo 
130 . os• .001 . 01• o.Joo .01• . c1• . 011 . c23 o.,o~ .J20 
t•t .o3• .os• .001 .021 · ••• 1.000 . 01s .rl• .020 .01• 
1s1 o.ooo .o•• . 021 .co1 .01s .c21 . 011 o. GOJ o . ~,, .011 
1•• 1.100 . o6t . os • - ~•• .os• .020 .021 .~,, .t36 ·••• 
111 .021 .0•1 . ~1s .1•.> · ' '' . cc1 . cl• . 192 .-:1• .1•l 
110 .120 .ou .o'5 . 021 .021 .on G .cu · ••• .01• 
ttt .o•t .120 .0•1 . 001 . 0•1 . 001 t.cet a.ct'~ . ; 21 .~0 1 
2H .021 . oz. .014 .ezo ·'14 ·Cl• . ,01 . CH 0 . 10' .,,. 
211 o.coo .oH .oH .?n . Gl • .c21 .n• c . ~oo o.ooo . ozo 
221 .n• .on .020 . cH 1.,.0 . cu o. c11 G.cH c.:oo ·'H 
230 .0•1 .os• .00 1 .01• .e21 .o•u .o,• . ~ ,1 . 1 01 . 001 
2• 0 . Gl• . 020 . '!,5 . 020 t.IJOO o. oco (I.COO .:01 .11• l · 'lDO 
2,1 .o•l .007 .0•1 .03• .OS• •O•l .01• . o• t o.OOO .007 
uo .o.. o.ooo .o.i .014 .on .en . 021 c. ooo . ,.. . 01• 
n o o. ooo o.ooo .oH . 001 .on 1.000 o.cOI 1.000 o.ooo o.ooo 
290 .021 .027 0.000 0.000 O.OOD .CH . 001 O.C CO O.OOD O.JOO 
2•0 o.coo o.ooo o.ooo o.ooo o.oeo . 001 0.011 o.ooo o. ooo .,1• 
300 .oH o.ooo o.ooo o.ooo e.ooo o.ooo .011 a.coo .021 .11• 
320 o.ooJ o.ooo o.ooo .,.1 1.coo 1.000 .021 o.cce . oH o.o°' 
31c o. ooo o.ooo o. oJO .001 o.ooo o. Geo o. coo 1.coc a.Joo o.ooo 
340 . 01• o.ooo o.ooo o.ooo o.ooo o.too .01• . 001 o.ooo o.ooo 
350 o.coo o.oOI o.ooo o.ooo o.oeo 1.coo o.ooo o. occ o.no o. ooo 
•••MAIM••• ,ltOClt lM [ NOIMC ••• 50008T ANO THINKS FOlt USllK CH~ 
serial zones. The table is read in a manner similar to Table 
2.10. To find the average number of daily calls for the four 
call types for serial zone number 187, the user would read 
down the left marginal column to row 180 and then read 
across to column 7. This is the datum for zone number 187, 
and the average number of daily calls is 0.034 of the types 
analyzed. 
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ZAP Output in Punched Fonn 
When executed at The University of Texas, ZAP can also 
generate output in the form of punched cards. Such card 
decks can be used as input to mapping or location analysis 
programs. Certain control cards must be changed-the 
GOMAN card should include the word "PUNCH" and an 
A Manual for CHAP 
"INDEX" card should be added to the parameter deck im-
mediately following the GOMAN card. Tables 2.16 and 2.18 
list the required format changes for punched ZAP output. 
any title provided by . the ZAP INDEX card of the input 
parameter deck (see Table 2.18). 
Table 2.12 depicts the information found on ZAP 
punched output cards. ZAP generates two computer card 
decks listing the daily average and total calls for each serial 
zone. Each deck is preceded by a title card with either 
"ZONAL TOTAL COUNTS" or "ZONAL DAILY AVER-
AGES" beginning iri column five. A four-digit number in 
columns 31-34 identifies the data in the deck. The twenty 
columns of the card from column 41 through 60 contain 
The data cards corresponding to the zones will be in nu-
merical order by zone. The data for each serial zone are 
punched with either an "A" for "ZONAL DAILY AVER-
AGES" or a ''T" for "ZONAL TOTAL COUNTS." The 
data type, index number, and serial zone numb~r are listed 
in columns 73, 74-77, and 78-80 respectively. A message 
giving the ID number of the deck and the title is included in 












zone index number 
Table 2.12 












Single Title Card 
data deck that follows is for 
zonal daily averages 
data deck that foll~ws is for 
zonal total counts 
describes data in deck 
describes data in deck 
Each Punched Data Card 
decimal value for number of calls 
for serial zone represented 
designates card as part of zonal 
daily averages deck 
designates card as part of zonal 
total counts deck 
identifies output deck 
identifies city serial zone 
represented on this card 
(from 001 to 358) 
Remarks 
one of these will appear on the 
title card 
obtained from the ZAP para-
meter input deck (Table 2.18) 
[Block L, columns 11-14] 
obtained from the ZAP para-
meter input deck (Table 2.18) 
[Block L, columns 21-40) 
obtained from the ZAP para-
meter input deck (Table 2.18) 
[Block L, Columns 11-14] 
*Punched output would include 718 cards-one deck each for daily averages and total calls. Each deck consists of one 
title card and 358 ordered serial zone data cards. 
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THE RESPONSE ANALYSIS PROGRAM (RAP) 
RAP provides the user with the relative and cumulative 
frequencies of four EMS system performance variables-
response time, on-scene time, transport time, and time at 
the hospital. To execute RAP, the user inserts one block A 
card behind the CHAP control card with the word "FRE-
QUENCY" punched out in the first columns. No other 
parameter blocks are necessary. No sample problem is pro-
vided, as RAP analyzes all available data ; the selection of 
different parameters as in CAP or ZAP is not possible. 
Table 2.13 lists RAP-generated information on EMS sys-
tem performance for the city of Austin. The left-most 
column, titled "INTERVAL," lists minutes from one 
through sixty. The first column under each of the four ser-
vice parameters (titled DIST) shows the number of times 
REFERENCES 
(1) Lyndon B. Johnson School of Public Affairs, Location 
Techniques for Emergency Medical Service Vehicles: 
Volume Ill: Emergency Medical Service Calls in 
Austin- Description and Assumptions, Policy Research 
that an EMS vehicle performed the action between X-1 and 
X minutes, where Xis the interval number (e.g., between 3 
and 4 minutes if the interval is 4). The second column 
(titled FREQ) states the corresponding relative frequency 
of responses. The figure under the cumulative frequency 
column (CUM) indicates the total percentage of calls that 
were recorded between zero and X minutes. 
For example, the third row under the response time ser-
vice parameter indicates that the response time for 896 calls, 
or 20.7 percent of the total calls, was recorded as three min-
utes. The figure under the cumulative frequency column 
(0.379) means that in 37 .9 percent of all cases, an EMS ve-
hicle arrived on the scene in three minutes or less. A system 
average, variance, and standard deviation are provided at 
the bottom of the table for each of the service parameters. 
Project Report No. 34 (Austin: LBJ School of Public 
Affairs, The University of Texas at Austin, 1979). 
(2) · Ibid., Volume JI: Travel Time Data-Description and 
Assumptions. 
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Table 2.13 
RAP Frequency Tables 
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APPENDIX 
This appendix contains infonnation for keypunching 
computer cards for the three CHAP subprograms described 
in the users manual. Tables 2.14 and 2.15 are lists of the 
job control cards required to implement the CHAP program 
on the City of Austin and The University of Texas at 
Austin computer systems, respectively. 
a ZAP-punched output from The University of Texas at 
Austin computer system. Table 2.17 is a listing of the cards 
needed to implement the CAP subprogram. Table 2.18 lists 
electives for the ZAP subprogram. Tables 2.19 and 2.20 list 
the computer cards used to run the example CAP and ZAP 
problems, respectively. 
Table 2.16 lists control cards required if the user wishes 
Table 2.14 
CHAP Control Cards for the City of Austin Computer System 











I llEM0763JT JOB ,STOVER,CLASS=2, TIME=5 
2 llJOBLIB DD DSN=USERl.LINKLIB,DISP=SHR 
3 II DD DSN=CITYl . LINKLIB, DISP=SHR 
4 llSTl EXEC PGM=EMl OOlF 
5 
0 
5 llFT02F001 DD DSN=EM,CALLDATA,UNIT=TAPE,DISP=(OLD,KEEP), 
6 
0 
6 II LABEL=(,SI),DCB=(LRECL=80,BLKLIZE=l9040,RECFM=FB),VOL=SER=000161 
7 llFT06F001 DD SYSOUT=A 
8 llFTOlFOOl DD DUMMY 
9 llFT05F001 DD* 
!parameter blocks A through K] 
10 I* 
11 llSYSOUT DD SYSOUT=A 
12 I I 
tThe text on each control card should be typed in the columns shown. The use of brackets and lower case letters 
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Table 2.lS 
CHAP Control Cards for The 
University of Texas Computer System• 













COPYBR INPUT DATA 
READPF 3472 EMSCALL 
REWIND DATA 
REWIND EMSCALL 
EXECPF 3473 XCHAP4,DATA, 
EMSCALL 
(7 /8/9 multipunch) 
(parameter blocks A through K] 
(6/7 /8/9 multipunch) 
*The text on each control card should begin in the first 
column. The use of parentheses, brackets, and lower case 
letters indicate that the text should not be punched as 
shown. Parentheses indicate that the user should follow 














CHAP Control Cards for The University of Texas Computer 




JOB,TM=SO,PR= I OO,PU=400 
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EXECPF 3473 XCHAP4.0ATA,EMSCALL, , , PUNCH 
(7/8/9 multipunch) 
(parameter blocks A through K] 
(6/7/8/9 multipunch) 
*The text on each control card should begin in the first column. The use of parentheses, brackets, and lower case letters 
indicate that the text should not be punched as shown. Parentheses indicate that the user should follow the punch in-
structions. Brackets refer to a deck of computer cards. 
**See Table 2.18 and the text section on ZAP for further details. 
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Table 2.17 
Electives for CAP Parameter Deck 
Porometer Card 
Block Number Definition O>lumn(8) Yllriobk v.-• DefflUlt Option ROMTb 
A selects CAP option 1-7 ANALYZE A 
B speclfiu area of interest 1-4 ZONE A all zones 
all areas 11-13 ALL A 
ranges of zones 11-15 RANGE A 
individual zones 11-16 NUMBER A 
2 to (n-1) if RANGE on card l 21-24 lowest zone number of range the symbob M2 lo (n-1)" 
25-28 highest zone number of range indicate that there may 
be more than one card; 
maximum number of 
cards indicated in thee 
remarlcs; no more than 
five RANGE cards. 
2 to (n-1) if NUMBER on card 1 21-24 zone number maximum of ten zones 
25-28 zone number per card; maximum of 
f"JYe ZONE cards; thus no 
more than SO zones 
SHO zone number 
n•• completes parameter bloclc of 1-3 END A necessary only if RANGE 
cards or NUMBER on ftrst 
card in B 
c specifies period of interest Hi PERIOD A week option 
for days 11-14 DAYS A 
for weeks 11-14 WEEK A 
2 to (n·l) specification of days 1-4 MONO A can use any combination 
TUES A of days; one to a card; 
WEDN A maximum of seven 




x follows last DAYS card END A not required for WEEK 
option 
D specifies an interval of time 1-8 INTERVAL A six-hour interval 
2 numeral for the hour interval 1-3 1 or one interval per run; any 
2 or interger factor of 24 pot-
SJl>le 
24 
E specifies that a period of 1-4 TIME A entire data set 
the data set will be analyzed 
2 indicates the limits of the 1-2 number of beginning month 
period (January = 1) 
3-4 beginning data 
5-0 number of ending month 
7-8 ending data 
F specifies type of emergency 1-4 TYPE A all types 
call to be analyzed 
if all types to be analyzed 11-13 ALL A 
if one or more types to be 11-14 SOME 
analyzed 
• I • integer, punched ri&ht justified in the field 
A = alphabetical characters punched in the field beginning in the first column 
• • n = indicates final card in the parameter block 
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Table 2.17 (continued) 
hnlruto Qud 
Block Hum/Hr Deftnitk>n Column(I) V•rt.bk V.Jw• Deftndt Option Rmwrkl 
2 to (n-1) if SOME appean on first F H AUTO A no more than-eleftn 










n completes parameter block of 1-3 END A 
cards 
G Identifies the ambulances 1-9 AMBULANCE A all ambulances 
under study 
if all vehlcles under study 11-13 ALL A 
If one or more vehicles 11-14 SOME A 
under study 
2 if SOME appears on first 21-24 index number of a vehicle this cud identifies V&-
G c:anl 25-28 hicles; maximum of ten 
ambulances 
51~0 
H identifies zones from which 1-8 DISPATCH A any zones allowed 
ambulances are dispatched 
if any zones allowed 11-13 ALL A 
if only certain zones 11-14 SOME A 
2 if SOME appears on fust 21-24 number identifying dbpatch this cud identifies b11e 
Hcud 25-28 zone zone; maximum of ten 
zones 
57~0 
identifies whether user 1-9 TRANSPORT A all calls 
wants to analyze transport 
calls or not 
If all calls are to be ana- 11-13 ALL A 
lyzed 
if only transport calls are 11-19 TRANSPORT A 
to be analyzed 
if only non-transport calls 11-17 NOTRANS A 
aze to be analyzed 
initiates CAP program 1-5 GO MAN A 
if matrix or frequencies of 11-15 PRINT A 
calls is required 
if matrix of frequencies 11-17 NO PRINT NOPRINT is the default 
is not required 
x allows user to execute 
multiple analyses on single 
CAP ru.n 
run analysis with minor 1-8 CONTINUE A indicates continued use 
modifications (use current of cunent variable values, 
default values) but allowing for changes. 
run analysis with initial 1-8 RESTART A indicates restart, using 
default values and possibly initial default values, but 
some new block values permitting change 
Note: This table does not include all CAP options. Refer to text for additional information. 
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Table 2.18 
Electives for ZAP Parameter Deck• 
Parameter Carri 
Deck Number Variable Role Columns Remarks· 
A AGGREGATE selects ZAP option 1-9 
B through I decks program parameter cards blocks C, E, F , G, H, and I 
are used in the same way as 
in the CAP program; refer 
to Table 17 
blocks B and D are not used 
in the ZAP program 
J GO MAN initiates ZAP program 1-5 
PUNCH includes punched cards in output 11-15 use only for generating 
punched output 
L INDEX title option for punched card output 1-5 use only for generating 
punched output 
identification provides identification number 11-14 integer value punched right 
justified in field 
title provides title for output cards 2140 





























CAP Sample Problem Deck 




COPYBR INPUT DATA 




EXECPF D600 XCHAP4,DATA,EMSCALL 
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ZAP Sample Problem Deck 




COPYBR INPUT DATA 




EXECPF D600 XCHAP4,DATA,EMSCALL 









( 6/7 /8/9 multipunch) 
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Chapter 3 
. A Manual for Users of the CALL/ CZSR Program 
This chapter describes CALL/CZSR, a computer pro-
gram designed to identify and evaluate good sites for locat-
ing emergency medical vehicles. The first section describes 
the operations of the program, its assumptions, and the ap-
plication of this program to the analysis of EMS vehicle 
sites for the city of Austin. The second section explains the 
infonnation required to run the program and the statistics 
that the program generates. The final section reports the 
results of an illustrative Austin run and describes the use of 
CALL/CZSR in the development of vehicle deployment 
policies. 
DESCRIPTION OF THE CALL/CZSR MODEL 
CALL/CZSR is the name of two computer routines that 
work together to evaluate potential EMS vehicle sites. 
CALL (Computerized Ambulance Location Logic) uses 
queuing theory to evaluate several parameters, including the 
expected vehicle travel time for the EMS system. CZSR 
(Computerized Zone Search Routine) tries to improve upon 
a set of trial sites by substituting· neighboring zones in an at-
tempt to reduce the mean response time. Subsequent repe-
titions of the CALL and the CZSR routines allow the pro-
gram to find a set of trial sites that reduce the system mean 
travel time. 
The CALL/CZSR program begins with a user-supplied 
set of trail vehicle sites. Using this given number and loca-
tion of EMS vehicles, CALL calculates a system mean re-
sponse time based on a M/G/00 queuing model.* The queu-
ing model predicts the availability of EMS vehicles, given 
parameters representing (a) the arrival rate and geographic 
distribution of calls for service, (b) the average EMS service 
time, and ( c) the number of EMS vehicles. 
In a real EMS system, a vehicle's response time is depen-
dent on the number and identity of the EMS vehicles busy 
when a call is received. Monte Carlo simulation methods are 
used to estimate the response times, conditional on m busy 
vehicles out of M vehicles deployed (m = 0,1, ... ,M). Then 
*The different waiting and service events in an emergency 
system suggest that EMS can be modeled as a queuing, or 
waiting line, system. The notation ~'M/G/00" indicates 
that the call arrival process is Poisson, that the service 
times follow a general distribution with a finite mean and 
variance, and that there is an infinite number of vehicles 
(a vehicle will always be fre.e to respond to a call for ser-
vice). 
31 
the model (a) assumes a distribution of the number of busy 
vehicles; (b) estimates the mean, unconditional service time; 
( c) estimates the distribution of the number of busy ve-
hicles from the M/G/oo model; and (d) iterates between 
steps (b) and ( c) until the model converges. More detailed 
explanations of the CALL/CZSR program are available in 
publications by Professor James Fitzsimmons (1). 
Travel time is the major perfonnance measure used by 
CALL/CZSR in evaluating a set of EMS vehicle locations. 
Locations supplied as input by the user may perfonn well 
with regard to this criterion, or they may not. The CZSR 
routine searches for a set of locations giving a smaller mean 
travel time. 
Given the evaluation of system perfonnance calculated 
by CALL, the CZSR routine proceeds to move vehicles one 
at a time to neighboring zones. Each move is checked by 
CALL to evaluate system perfonnance for the trial loca-
tion. For each vehicle site, a search is made of each of its 
contiguous zones for a possible improvement in average re-
sponse time for all calls in the system. The best move for 
each vehicle and the combined effect of simultaneously 
moving each ambulance to its best trial location is recorded. 
If a move improves upon the previous set of locations, then 
that configuration becomes the new trial deployment. This 
new set of locations may thus represent a change in one or 
all vehicle sites. 
CALL/CZSR terminates when the system mean response 
time cannot be improved significantly, or when the number 
of search evaluations exceed a user-specified limit. The 
analyst must remember that CALL/CZSR is a heuristic 
model, and that any "best" set of locations detennined by 
the model represents what could be called a " limited local 
optimum." As the search routine is limited to evaluating 
only zones contiguous to a trial EMS vehicle site, there is 
no guarantee that the routine will find the systemwide opti-
mum-the set of sites with the smallest mean response time 
to all calls. An analogy would be a mountain climber who 
seeks to find t~e highest point in a mountain range and 
does so by trying to go up by moving in any direction. Ifhe 
checks all directions he will find a true local optimum. But 
if he checks only due north, south, east, and west and none 
of the 356 other degrees on the compass, he may not even 
get a true local optimum. CALL/CZSR checks only neigh-
boring zones and checks single zone moves, rather than all 
pairs, triplets, or other possible multiple zone shifts, except 
for the shift corresponding to all vehicles moving to their 
best contiguous zones. 
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CALL/CZSR PROGRAM INPUTS 
To run the CALL/CZSR program, the user must supply 
the computer with four types of inputs: 
- interzonal travel times; 
EMS demand data; 
- EMS system parameters; 
- initial EMS vehicle sites. 
This section illustrates each of these input types by refer-
ring to data used in an evaluation of the six Austin EMS ve-
hicle sites in use during January 1980. 
The assumptions made in the CALL/CZSR location 
model are summarized in Table 3 .1. The third column of 
this table describes the way in which these assumptions 
were applied to the analysis of the Austin EMS system. 
The CALL/CZSR program requires information on the 
travel times between zones. The zones used in the Austin 
study are the 358 serial zones shown in Figure 3.1. Re-
sponse times to each zone from any other zone have been 
approximated by a projection of interzonal travel times de-
veloped by the Austin Transportation Study Office. This 
matrix, based on travel projections in Austin for 1995, is a 
list of the travel time from each zone centroid to all other 
zone centroids(2). These projections assume that (a) present 
traffic demand trends will continue, and (b) that several 
planned future highways will be completed. 
One surrogate for EMS call demand is the relative likeli-
hood that a request for EMS service will occur in a zone, 
based on historical call data. The demand measure used in 
the Austin study is the relative frequency* of emergency 
calls received in each serial zone during a five-month period 
in 1976 and 1977 (3). Both the relative demand frequency 
and the travel time matrix are stored on computer tapes. A 
partial reprint of the CALL/CZSR output in Table 3.2 
shows the relative frequency of calls by zone as an array of 
real numbers that sum to 1.0. The relative demand for EMS 
service originating in zones 1 through 20 is listed in row 1, 
the relative demand for zones 21 through 40 is in row 2, 
and so on. For example, the relative demand for EMS ser-
vice in zone 61 is 0.0023; it is the 6lst number on the ma-
trix, or the first number in the fourth row. 
Table 3 .2 also displays a list of parameters that describe 
various aspects of Austin's EMS system. These parameters 
and their values, which are directly above the demand ma-
trix, are explained in Table 3 .3. 
The user must supply the system with an initial set of 
EMS vehicle sites and a set of emergency. care hospital sites. 
In this Austin example problem, those zones corresponding 
to current EMS vehicle locations were chosen as the initial 
* Relative frequency for a zone is the number of calls origi-
nating from that zone divided by the total number of 
EMS calls. 
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vehicle sites. The hospital site is the serial zone containing 
Brackenridge Hospital. These items are listed in Table 3.2 
below the demand data matrix. Precise formats for CALL/ 
CZSR input data keypunching are contained in the appen-
dix. 
CALL/CZSR PROGRAM OUTPUT 
The CALL/CZSR program first prints out the user-
supplied inputs and summarizes its work. Later pages con-
tain information evaluating the performance of the EMS 
vehicle locations. This section discusses the performance 
statistics for individual vehicles and the EMS system, the re-
sponse time data, and the fint-in vehicle array. 
Table 3 .4 restates system parameters and the number of 
evaluations made in this run. In this example, CALL evalu-
ated 266 possible site changes, well below the upper limit 
of 500. CALL/CZSR terminated when it could not find a 
set of vehicle locations that could reduce the system mean 
response time by more than 0.001 minutes. 
Table 3.5 lists several measures of individual ambulance 
performance: MEAN RESPONSE, CALLS PER DAY, 
PERCENT OF CALLS, and PERCENT UTILIZED. These 
statistics are presented in two tables, one for the initial ve-
hicle locations (trial sites), and the other for the final loca-
tions after the CZSR program moved them. Table 3.6 de-
fines the statistics shown in Table 3 .5. 
Table 3.7 shows EMS system response times calculated 
for the various system states (i.e., the number of busy ve-
hicles at the time that a call for service is received). Table 
3.7 also lists the likelihood of occurrence of each system 
state and average system response times for both initial and 
final vehicle sites. For example, the probability that exactly 
one vehicle is busy is 0.3677 for the initial vehicle site con-
figuration. Mean response time for the system is 5 .271 min-
utes when one vehicle is busy. The definition of mean sys-
tem response time when all vehicles are busy is the average 
travel time to any zone by a vehicle that is dispatched from 
an emergency care facility (in this example, Brackenridge 
Hospital). 
Table 3 .7 also lists several other measures of system per-
formance under the heading "STATISTIC": MEAN RE-
SPONSE, MEAN TIME TO HOSPITAL, MEAN RE-
TRIEV AL TIME, MEAN SERVICE TIME, and MEAN 
NUMBER IN SYSTEM. These terms are defined in Table 
3.8. 
CALL/CZSR uses a 1000-<:all sample in a Monte Carlo 
simulation of response times. These estimates yield a rela-
tive and a cumulative frequency distribution of response for 
both initial and final vehicle site configurations (see Table 
3.9). 
To illustrate the use of this table, assume the analyst 
wishes to know the likelihood of a vehicle reaching a call in 
Subject 
City or area structure 
Potential vehicle sites 
Origin of calls for EMS 
service 
Demand for EMS service 






Other measurements of 
effectiveness 
Termination of CALL/ 
CZSR routine 
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Table 3.1 
Assumptions of the CALL/CZSR Model as Applied to Austin 
Model Assumption 
A set of discrete districts represented 
by central points that are connected 
by travel time links 
Any zone centroid 
Any zone centroid 
Calls occur according to a Poisson process 
in each zone; the rate for each zone is de-
tennined by the historical call rate for 
the zone 
Travel times may be given as actual 
times or as interzonal distances 
Vehicles are identical 
The personnel at each location have 
equal expertise 
There will always be an available 
vehicle that can respond to a call 
The closest available vehicle is dis-
patched 
The CALL/CZSR objective is to 
minimize average system response 
time 
It is desirable to have an equal work-
load for each vehicle 
Termination occurs at a user-specified 
search limit or when system mean 
response time cannot be improved 
significantly 
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Austin Application · 
A set of 358 zones represented by cen-
troids that are connected by travel 
time links 
Any zone's centroid of population 
concentration 
Any zone's centroid of population 
concentration 
The historical call rate from each zone 
based on call data collected by EMS 
dispatchers in December, 1976, and 
January, June, J uly, and August, 
1977 
A study by the Austin Transportation 
Study Office provided travel times be-
tween any zone and each other zone 
Vehicles are identical in speed of re-
sponse and in equipment 
The personnel at each location have 
equal expertise 
There will always be an available 
vehicle that can respond to a call 
The closest available vehicle is dis-
patched from its station 
Minimize the average response time for 
the Austin EMS system 
It is desirable to reduce any differences 
between the maximum and minimum 
vehicle workloads 
Termination occurs at a user-specified 
search limit or when system mean 
response time cannot be improved by 






Figure 3 .1 
Serial Zone Map of Austin, Texas 
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Table 3 .2 
Input Data Used in CALL/CZSR Austin Run 
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Table 33 
EMS System Variables Used in CALL/CZSR 
Name Definition 









A limit on the number of contiguous zone 
substitutions to be evaluated prior to the 
program's termination 
The average time required by EMS staff 
for on-scene care 
The average amount of time a vehicle 
spends at the hospital for patient transfer 
The number.of EMS vehicles in the system 
The number of emergency care facilities in 
the system 
The number of serial zones 
The number of one-minute intervals for 
the response distribution tables provided 
in the program output 
The probability that a call for EMS service 
will result in a transfer of a patient from 
the scene of the accident to a hospital 
Table 3.5 
Table 3 .4 
System Parameten Listed in CALL/CZSR Printout 
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Individual Ambulance Perfonnance 
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Calls per day 
Percent of Calls 
Percent Utilized 
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Table 3.6 
CALL/CZSR Measures of Individual Ambulance Performance 
Definition 
The average travel time from vehicle base to all 
first-in service areas 
The sum of all relative demand weights of 
'all zones where a vehicle is first-in multiplied 
by 38, the average total calls per day 
The fraction of all calls from any zone 
multiplied by 100 
Vehicle calls per day multiplied by mean 
vehicle service time multiplied by 100/ 1440 
Table 3.7 
Comment 
Assumes that a vehicle will always respond to calls 
where it is first-in and that it will respond to no 
other calls 
100 converts the proportion to a percentage 
Estimate of the average percent of time a particular 
vehicle is busy based on first-in calls 
100/ 1440 is a combined time-percentage conver-
sion factor 
System Performance Statistics 
SYSTEM PERFORllANCE 
INITIAL LOCATION FI NAL LOCATIU 
NIJllBER Of BUSY AllBULANCES PROBABILITY llEAN RESPONSE CMINI PROBABILITY llEAN RESPOUE llllN I 
.37~5 •• 831 .31~1 .... ,
. un 5.211 .]615 •oaoa 
01 n2 5.nc .1160 5oJ85 
00515 6.'60 00562 60245 
• 0013' 80660 00135 8.l50 
5 .0021 11.610 00026 10o6'3 
6 00005 7 . 276 .3J05 10216 
STATISTIC INITIAL FIOL 
MEAN RESPONSE ClllNI 5ol55 ••••• 
11£AN TIME TO HOSPITAL ClllNI 470631 41 .208 
llEAN RETRIEVAL TlllE Cll lN I 1 o276 J.216 
..CAN SERVICE TIME C llINI ]6. 720 3'o2'7 
llEAN NUllBER IN SYS7EI' ·'" ·'58 
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MEAN SERVICE TIME 
MEAN NUMBER IN 
SYSTEM 
Table 3.8 
CALL/CZSR Measures of System Performance 
Definition 
The average response time for the system, taking into account the 
probability that the nearest vehicle(s) may be busy. The response 
time for each "system state" where more than one vehicle is busy 
is approximated through a Monte Carlo simulation. 
Average system response time plus average on-scene care time 
plus average travel time to the hospital plus average transfer 
time at the hospital. 
The average travel time from any zone to the nearest hospital. 
Mean time to hospital weighted by the fraction of calls that 
require patient transport to a hospital, plus the sum of the 
mean response time and the mean on-scene care time, weighted 
by the fraction of calls that do not require patient transport 
to the hospital. 
Estimates the average number of busy vehicles in the system. 
Table 3.9 
Distnl>ution of CALL/CZSR Vehicle Responses 
U T UL HNAL 
llHUL CU•ULATtWC ~UAL CU•Ul.ATIH 
CLASS lllTEUAL PROBABILITY PR08A8ILITY PROR A81LI TY PROURIL!TY 
0 - 1 0 .oooo 0 .COG •: :: •. , ~c . o .no, 
1 - 2 .1!26C .0260 . J )16 .03:, 
2 - 3 .0352 .061 2 · 11'0 el495 
3 - • .1410 . 2021 .1"•' .3342 . - 5 .19'8 .402C olUR .5119 
5 - 6 . 2036 .fG5E .1413 .6652 
6 - 1 ·1425 • 7481 · ' '36 .75U 
1 - 8 . , 878 .835• ·'"' ·••11 8 - 9 . :743 · ' 102 . : 5'6 .4104) 
' - 10 . 1392 ·'''' . : •56 ., .. ~ 10 - 11 . a10 ·"'" . : 2•1 .974'; 11 - 12 .ll3: .9794 _,,,,, .979] 
12 - 13 .an .'867 · >C56 ·"5' 
13 - 14 . C03• ·"Cl .3031 .9881 
14 - 15 . £'>22 ·"21 -~051 ·"38 
15 - 16 . 1033 ·''s' .0012 .995~ 16 - 11 . 0@07 ·"'3 • '. l 21 .9971 
11 - 18 • : IC4 ·"" . : 105 .nn 18 - u • ! '16 . 9'83 . ':(.01 ·"11 
19 - 20 .)005 -9'88 . ; , : 1 ·'''' 20 - 21 .)001 ·"" .3013 .999321 - 22 . , ~?O ·"" . t lO ~ _,,.] 22 - 23 . 3 001 .9'90 • IC 01 .,,91 
23 - 2 • .. aoo 1 · '''~ C. J OO ~ 
_,,,, 
z • - 2s l . lOO ~ ·""' • ,G t ~ .,, ... 25 - 26 . l JO l .'9'3 0 .3 ~~ 3 ·'•9• 
2' - 21 . 0002 .9'95 o . a oo .,, ... 
27 - 28 1.1 ~o i: ·••95 ".c f),0 .,,,,. 
28 - 29 J.000 :' . n't5 .7002 . 9995 
2'J - 30 . ~oo ~ ·'"95 • l IOO .41995 
•Hl"U" R( SPONS( Tl•C 36.lOOO "' .o~i: c 
38 
Table 3.10 
Portion of the .First-In Ambulance Anay for 
the Austin CALL/CZSR Run 
F l R S T • l N A MBU LANCE A R R A Y 
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less than five minutes. Reading across from the 4-5 minute 
class interval, a vehicle at the trial site configuration could 
travel to a call in less than five minutes 40 percent of the 
time. 
Table 3 .I 0 shows the first-in ambulance array, the 
ordered list of the closest EMS vehicle bases for each serial 
zone. For example , the first and second closest vehicle 
bases to serial zone 6 are the sites corresponding to vehicles 
3 (zone 54) and 4 (zone 179), respectively (see Table 3.10). 
Table 3.11 lists the travel times from each of the vehicle 
bases to each serial zone. The top line lists the current trial 
vehicle bases. Vehicles 3 and 4 are based in serial zones 54 
and 179, respectively. Vehicles 3 and 4 are 2 minutes dis-
tant from serial zone 6 (see Table 3.11). 
Table 3 .12 lists the minimum response and mean re-
sponse to any zone for the final site configuration. Mini-
mum response is the time it takes for the first-in vehicle to 
reach a given zone. Mean response for each zone is the sum-
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Table 3.11 
Portion of Travel Time Matrix 
for the Austin CALL/CZSR Run 
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mation of the first-in response time multiplied by the likeli-
hood of zero busy vehicles, the second-in response time 
multiplied by the probability of 1 busy vehicle , and so on. 
Interpretation of Output 
The CALL/CZSR routine provides the policymaker with 
three types of policy-related information: workload sta-
tistics, response time (or its travel time surrogate), and sum-
mary statistics for alternate vehicle site configurations. 
The "percent of calls" figures (see Table 3.5) allows a 
user to calculate the workload range associated with a trial 
vehicle site configuration. The workload range is the dif-
ference in the percentage of calls between the vehicle re-
sponding to the most calls per day and the vehicle respond-
ing to the fewest. Experience has shown that the final site 
configuration will usually , but not always, have a smaller 
workload range than will the initial configuration. In the 
example (Table 3.5), the workload ranges for the initial and 
final configurations are 18.65 percent and 18.34 percent, 
respectively. 
CALL/CZSR does reduce system mean response time. In 
the sample problem (Table 3 .7), average response time is re-
duced from 5.355 minutes to 4.864 minutes. The set of 
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Table 3.12 
Portion of District Response Times 
for the CALL/CZSR Austin Run 
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sites that reduces the mean response time to all calls for all 
system states also tends to lower response time in each indi-
vidual state of system utilization. For example, if three ve-
hicles are busy (see Table 3.7), the CALL/CZSR-selected 
configuration reduces the system mean response time from 
6.960 minutes to 6.245 minutes. 
Although CALL/CZSR may reduce average response 
time, any particular vehicle may perform worse in the final 
configuration than at its trial base, as measured in terms of 
expected response time to calls. 
The first-in ambulance array shown in Table 3.10 can be 
used to generate a first-in map, as in Figure 3 .2. This infor-
mation is valuable in vehicle dispatch and provides a graphic 
representation of the area covered by each EMS vehicle. 
CALL/CZSR AS A POLICY TOOL 
The CALL/CZSR program can be used to evaluate alter-
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native locations for EMS vehicles. CALL/CZSR discrim-
inates among alternative site configurations based on the 
average time for a system of EMS vehicles to respond to all 
calls for service. EMS policymakers may be interested in 
knowing how alternative facility site configurations per-
form relative to one another with respect to average system 
response time. Such a measure, along with economic, politi· 
cal, and social considerations, could influence the fmal de-
ployment of EMS vehicles. · 
This section discusses how CALL/CZSR can be used to 
address the efficiency, equity, and effectiveness of an EMS 
system. Several CALL/CZSR runs will be discusSed to il-
lustrate policy uses of the results. 
Efficiency may be defined as the ratio of service outputs 
to resource inputs. One facility site is more efficient than a 
second if the first uses fewer resources to yield the same 
output or if it achieves improved output using the same re-
source inputs. Decreased mean response time may be 
viewed as a system output while the number of vehicles in 
use is a measure of the resource inputs. CALL/CZSR identi-
fies a site configuration that is more efficient than other 
site configurations in that the chosen sites yield improved 
service output using the same resource inputs. 
Response time can also measure the relative effectiveness 
of competing site configurations. Effectiveness reflects 
"how well the need for service is satisfied and the extent to 
which adverse impacts are avoided" (4). The response time 
measure is thought to be one measure of system effective-
ness for emergency medical services because the likelihood 
of patient death or permanent disability from trauma is re-
lated to the length of delay prior to treatment (5). 
The CALL/CZSR model can also evaluate the equity of 
staff workloads. A set of sites that permits nearly equal ve-
hicle workloads is more equitable than a system in which 
one vehicle is constantly busy and others are idle. The ob-
jective of CALL/CZSR is not to equalize workloads. In 
practice, workloads tend to become more balanced as 
CALL/CZSR reduces system mean response time. 
The objective of the CALL/CZSR model is to lower the 
average response time for the entire system, not to equalize 
the response times to all sites in the system. However, the 
program does print the mean response times of individual 
vehicles to each zone for both initial and fmal site config-
urations. This output provides information on the relative 
performance of a set of sites to the different geographical 
areas of the city. The difference in mean travel time be-
tween zones is a second measure of equity. 
Policymakers are often influenced by factors other than 
efficiency, equity, and effectiveness. For example, the City 
Council of Austin has expressed the goal of increasing the 
joint use of public facilities. This goal suggests that EMS ve-
hicles be sited on existing city properties, such as fire sta-
tions, when all other factors are equal. CALL/CZSR has 
Areas Served by: 
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Figure 3.2 
First-In Service Areas of Six EMS Vehicles at Current Station Locations 
• indicates an EMS vehicle station 
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been used in a cost-effectiveness analysis to evaluate the ser-
vice tradeoffs when fire stations are used as EMS sites (6). 
Finally, purely political considerations may enter into 
the decisionmaking process. Groups within the community 
may pressure officials to consider certain sites or to exclude 
sites from consideration. In its present form, the CALL/ 
CZSR program can only partially incorporate these factors. 
Suppose that city officials determine that a zone is not ap-
propriate as a base for an EMS vehicle , or alternatively, that 
it is necessary to locate a vehicle at a particular site. For 
CALL/CZSR to fix a site or to remove it from considera-
tion, a programmer would have to modify the program and 
the input files to accommodate these complications. How-
ever, the CALL/CZSR program in its present form can 
evaluate any given site configuration if it is specified as the 
set of initial vehicle locations. 
One caution in the use ·of CALL/CZSR is its heuristic 
nature; the program chooses a configuration having a 
"good" but not the "best" mean response time. Various 
initial deployments of EMS vehicles will yield different 
final configurations and different mean response times. 
To illustrate the capabilities of CALL/CZSR, several 
analyses were done using data from the city of Austin, The 
number of vehicle sites was varied from four to ten vehicles 
using several initial sites as trial vehicle locations. Each set 
of sites used system parameters as outlined in Table 3.13. 
When the initial sites were placed closer to the areas of 
largest demand, the program reached a solution relatively 
quickly. If the initial sites are not chosen wisely, a consider-
able amount of computer time can be used without arriving 
at a good solution. Also, as the number of ambulances in-
creased, so did the number of evaluations performed. In 
fact , in 9 out o f 13 runs the CALL/CZSR routine term-
inated after 300 search point evaluations and before it had 
reached the " best" solution. 
Table 3.13 
System Parameters for Austin CALL/CZSR Runs 
Mean on-scene care time 15 minutes 
Mean transfer time at hospital 20 minutes 
Likelihood of transport 60 percent 
Mean number of incidents per day 38 
Number of hospitals 
Number of zones 358 
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The average CALL/CZSR costs reflect the initial vehicle 
locations and the number of vehicles. The four, eight, and 
ten vehicle solutions used roughtly 47 CPU seconds, 114 
CPU seconds, and 160 .CPU seconds respectively, on The 
University of Texas CDC Cyber 170/750 computer system. 
Most runs did not identify a stable configuration qf sites; ad-
ditional time and a larger iteration limit would be required 
to do so. 
Figures 3 .2 (see previous section), 3 .3, and 3 .4 show the 
vehicle first-in service areas for a configuration that was 
evaluated with CALL/CZSR. Figures 3.2 and 3.3 show an 
"islanding effect," or noncontiguous ambulance service 
zones. The source of this anomaly has not been identified. 
One possible explanation could be errors in the travel time 
matrix; another is the use of high-speed roads that permit 
unusually good access for a nearby EMS vehicle. 
To further test CALL/CZSR, runs were performed using 
as initial sites (a) the current (January 1980) sites, and (b) 
six sites selected by the GAS program• (see Tables 3.14 and 
3.15). As might be expected, the locations selected by these 
programs with different objectives differed from each other 
and from the January 1980 EMS vehicle sites. However, 
one site (258) was chosen by the City, GAS, and CALL/ 
CZSR. 
The results for the two programs can be seen on a zone-
by-zone basis in Figures 3.2 through 3.4. A comparison of 
Figures 3.2 and 3 .3 shows how well the currentlocations 
match the configuration for service areas generated by the 
CALL/CZSR model. The sites selected by CALL/CZSR 
when input from GAS was used indicate a different con-
figuration of service areas. Figure 3 .4 shows an eastern dis-
trict with a boundary along the U.S. 183 corridor that does 
not occur in Figures 3.2 or 33. All configurations show 
similar southern service areas, and also a similar split of the 
northern side of town into two regions. However, the GAS 
configuration shows that split more nearly along 1-35. The 
central city coverage area in each figure takes on a different 
shape. 
Figure 3.5 indicates the response time for first-in ve-
hicles located for the CALL/CZSR-improved station sites. 
This shows the areas of the city that can be covered within 
particular time intervals. The area having an average re-
sponse time of less than 5 minutes is centered around the 
EMS vehicle sites in the southern, eastern, northern, and 
central regions. The 5 to 10 minutes response region en-
compasses most of the city. The service area with mean re-
sponse time of eleven minutes or more incluC:es 46 zones on 
the border of the Austin EMS service area. 
•The purpose of this run was to observe how the two pro-
grams could be used together. Robert Weeks conducted a 
separate CALL/CZSR policy analysis of alternative ve-
hicle deployments (7). 
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Figure 3.3 
First-In Service Areas of Six EMS Vehicles Located at CALL/CZSR-lmproved Sites 
• indicates an EMS vehicle station 
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Table 3.14 
Performance of EMS Vehicle Site Configurations 
Using Current Sites as Input Using CLASGAS Solution~ as Input 
Criteria 
System Mean Response 
Time (minutes) 
Workload Range (percent) 
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Final Initial Final 
4917 4.877 4.816 
18.33 17.12 15.51 
52.59 49.79 50.42 
94.76 94.03 93.45 
99.21 99.30 98.81 
(5) P.G. Gaal, "Cardiac Arrest and Resuscitation," in Early 
Management of Acute Trauma, ed. A.M. Hahum (St. 
Louis: C.V. Moxby, 1966), pp. 53~3. 
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Figure 3.4 
First-In Service Areas of Six EMS Vehicles 
l.ocatec1 at S<ation s;tes llerivecf &om GAS and CALL/CZSR Prosrams 
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Table 3.lS 
Assignment and Performance of Ambulance Locations 
Ambulance Initial Zone Initial Mean Initial % Final Zone Final Mean Final% 
Number Number Response of Calls Number Response o/Calls 
Using current sites as input: 
258 6.78 15.88 238 6.50 16.37 
2 258 7.31 10.78 258 7.64 10.34 
3 59 6.64 27.96 54 6.65 28.67 
4 180 6.06 21.44 179 5.84 19.31 
5 152 9.92 14.64 112 10.04 14.92 
6 118 11.48 9.31 111 11 .23 10.34 
Using GAS 6-vehicle solution as input: 
167 ' 6.05 26.90 167 6.03 26.01 
2 143 9.12 14.16 143 10.11 12.35 
3 258 7.04 12.85 258 7.19 12.06 
4 190 6.46 20.13 190 6.65 18.81 
5 Ill 11.62 9.78 111 11.34 10.50 
6 37 7.84 16.1 7 37 6.87 20.27 
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Areas Served in: 
l - 4 minutes 
5 - 10 minutes 
11 minutes or 
greater 
Figure 3 .S 
Mean Response Time by EMS Vehicles 
Located at CALL/CZSR-Improved Station Sites 
(6 vehicle solution) 
() 0 .. 
o. 0. 0 
• 
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APPENDIX 
Keypunching Instructions for CALL/CZSR 
There are four types of cards in the input deck: job con-
trol cards, system parameter cards, hospital cards, and 
emergency medical vehicle cards. Figure 3 .6 illustrates the 
input deck structure for the CALL/CZSR program. 
Table 3.16 lists the job control cards necessary to run 
CALL/CZSR on The University of Texas computer system. 
Table 3.17 shows the job control cards for the City of 
Austin computer. 
The other card types are listed in Table 3.18, along with 
necessary keypunching instructions. All real number para-
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meters (see first parameter card) may be punched.anywhere 
in the card column field and must include a decimal point. 
Each integer parameter must be punched right justified in 
its card column field, with no decimal point (see second 
parameter card). · 
Each hospital to which EMS patients are to be trans-
ported and each EMS vehicle requires a corresponding card 
in the input deck. The numerical data on these cards must 
be punched right justified in the card column fields. 
A Manual for CALL/ CZSR 
Figure 3.6 
Stri.cture of CALL/CZSR Input Deck 
•Indicate a requirement for control cards. The nature and placement 
of these cards will be unique to each computer system. 
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Hospital Cards 
EMS Vehicle Cards 
Second Parameter Card 
First Parameter Card 
Control Cards• 
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Table 3.16 
CALL/CZSR Control Cud Requiranenta 
for The University ofTe:us at Austin Computer Syltem 
[User Identification Card] 
[Password Card] 
JOB, PR=30, TM=200 
PEADCCF B635 EMS2 
In the event that the EMS2 macro is lost or erased, the user 
should replace the preceding card with the following cards : 
READPF B635 CONTIG MATT 




READPF 2075 MOTI 
RFL 220000 
MNF I=MOTI, B=MOTIX, L=LI 
MOT IX 
(7/8/9 multipunch] 
[System parameter cards] 
[Emergency medical facility cards] 




CALL/CZSR Control Card Requirements for 
the City of Austin Computer System 
[User Job Card] 
llJOBLIB DD DSN=USERl.LINKLIB,DISP=SHR 
II DD DSN=CITYl.LINKLIB,DISP=SHR 
llSOl EXEC PGM=IEBGENER 
llSYSIN DD DUMMY 
llSYSPRINT DD SYSOUT=A 
llSYSUT2 DD DSN=EM.SURG,UNIT=DISK,DISP=(NEW,PASS), 
A Manual for CALL/ CZSR 
II DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200),SPACE=(CYL,(2,l)) 
llSYSUTl DD* 
Zone Incident Count Cards 
I* 
llSYSOUT DD SYSOUT=A 
llSTl EXEC PGM=EM4000F 
llSYSOUT DD SYSOUf=A 
llFT08F001 DD DSN=EM. SURG,DI SP=(OLD ,DELETE) , UNIT=DISK 
llFT09F001 DD DSN=EM.MATRXl,UNIT=TAPE, LABEL=( ,SL),DISP=(OLD,KEEP,), 
II DCB=(RECFM=FB,LRECL=80,BLKSIZE=8000),VOL=SER=001031 
llFT07F001 DD DSN=EM.CONTIG, UNIT=TAPE ,LABEL=( , SL),DISP=(OLD ,KEEP), 
II DCB=(RECFM=FB,LRECL=80,BLKSIZE=l9040),VOL=SER=001243 
llFTOSFOOl DD* 
[System Parameter Cards] 
[Emergency Medical · Facility Cards] 
[Emergency Medical Vehicle Cards] 
I* 
llFT06F001 DD SYSOUT=A 
II 
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Table 3.18 
CALL/Cl.SR Card Specificatiom 
Card 
Card Type Variable Column Sample Value Definition Comments 
First parameter card LAMBDA l· 8 38.0 Average number of calls 
per day 
CARE 9-16 15.0 Average time on scene Given in minutes 
TRSFR 17-24 20.0 Average transfer time at Given in minutes 
hospital 
TRANS 25-32 0 .60 Percent of calls requiring Given in decimal form 
transport to hospital 
DECI 33-40 1.0 Conversion factor from As an example, if trav-
an actual travel time to el time is given to the 
an integer representa- nearest hundredth of 
tion, using some power a minute, a value of 
often l 00.0 should be used 
Second parameter card LIMIT 1- 5 300 Maximum number of Maximum value = 999 
search evaluations 
NAMB 9-13 6 Number of EMS vehicles Maximum value = 10 
in fleet 
NHOSP 17-21 Number of emergency Maximum value = 10 
medical facilities 
NDIST 25-29 358 Number of districts Maximum value = 400 
(zones) in the service area 
NF RAC 33-37 30 Number of one-minute CALL/CZSR gener· 
class intervals desired ates such distributions 
in the call response dis- for cumulative and 
tribution output relative frequencies 
Maximum value = 30 
Emergency medical EMF 1-12 BRACKENRIDGE The emergency medical 
facility cards facility name 
HOSLOC 13-17 055 The district (zone) num-
ber in which the emer-
gency medical facility is 
located 
Emergency medical AMBNO 1-5 An identification number 
for the emergency medical 
vehicle 
ITPE 6-10 The EMS vehicle type " l " indicates a sur-
face vehicle 
"2" indicates an air 
vehicle 
AMBSITE 11-15 258 The district (zone) num-
ber in which the emer-
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Decisions on the deployment of emergency medical ve-
hicles in a city often involve competing public interests. A 
person with a propensity for heart attacks might wish EMS 
vehicles to be based at sites that could reach his/her resi-
dence or place of work within some upper bound on re-
sponse time. A member of the City Council might wish the 
system to use few resources, but yet be capable of provid· 
ing some "acceptable" level of service. A neighborhood 
leader might wish to ensure that his/her area of the city 
would receive better services as compared to others. Dif-
ferent people have biases about priorities among these and 
other EMS system goals. One of the advantages of certain 
computer programs is that they allow the user to observe 
how these goals affect deployment and how selected sites 
impact each of the interested groups. The GAS program can 
be used both to generate good sets of potential EMS vehicle 
bases that can serve different goals and to evaluate the im-
pacts of a proposed deployment. 
GAS is a computer program developed by Richard 
Church (1) to solve a variant (2) of the Maximal Covering 
Location Problem (3). It uses two subprograms, GA and 
GAS, to fmd a fixed number of sites in a region that can 
maximize the fraction of users that will be served within a 
desired response time. The GA program selects as the first 
site that potential vehicle location which covers the largest 
fraction of demand. The second site picked covers the larg-
est fraction of demand not covered by the first site , and so 
on. It is possible that a site added to the solution set in an 
early iteration may not be justified later due to subse-
quent selection of other sites. So, at each iteration, the 
GAS program seeks to replace each site in the solution set 
one-at-a-time with another site which would improve over-
all demand coverage. This process is continued until all de-
mand is covered or until the number of selected locations 
equals the number of sites specified by the user. This pro-
cedure is flexible enough to use different measures of "de-
mand" and "coverage." 
GAS can be used to fmd various efficient or equitable 
vehicle deployments. Efficiency is often measured as the 
ratio of service outputs to service inputs. One EMS system 
configuration would be more efficient than another if it in-
volved a smaller number of vehicles (4tput) to cover an 
equal number of calls (output). Equity can be defmed as 
equality of service. For EMS service, there exist different 
types of users from whom a decisionmaker might seek 
equitable services. Equity could be related to the user's lo-
cation (place in a city), ethnic origin, age, or incident type 
(heart attack, gunshot wound, etc.). GAS is able to address 
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each of these problems by varying the defmition of "de-
mand" and "coverage." 
The strength of GAS is that it finds the set of P sites able 
to reach the "largest" fraction of defmed EMS demand. 
One of its weaknesses is that GAS does not consider the 
queuing pattern of calls. 
This chapter explains the way in which the GAS pro-
gram operates and identifies the assumptions inherent in 
the model. To familiarize the reader with the mechanics of · 
GAS, a sample run illustrates the required data inputs and 
outputs. This illustration was developed from data used by 
the City of Austin's Department of Emergency Medical Ser-
vices in improving the performance of their system. 
GAS ASSUMPTIONS AND INPUTS 
To apply the GAS program to emergency medical services, 
the user must first collect data related to EMS demand, ve-
hicle travel time , and other characteristics. There exist a 
variety of EMS demand surrogates. A user may seek to de-
sign the system to cover all calls for service, only critical 
calls, or those requiring transport to a hospital. Table 4.1 
lists various demand surrogates and their respective data 
sources. The user must also provide a measure of travel 
times between areas. The Austin study used the travel time 
matrix calculated by the Austin Transportation Study Of-
fice (4). In addition, a user must select (a) the number of 
vehicles to be sited by the program and (b) some measure 
for effectiveness, such as primary and secondary maximum 
response times. The primary response time defmes whether 
or not a vehicle site can "cover" demands in other zones. 
The potential coverage strongly affects the locations selected 
by the program. The secondary response time is used for 
tabulating purposes only and does not affect vehicle loca-
tion. 
A user can specify the problem context further by fixing 
certain locations as vehicle sites, eliminating some sites 
from consideration as vehicle bases, or selecting to use 
either the GA or GAS routine. 
The GAS assumptions concerning demand and the char-
acteristics of emergency medical services appear in Table 
4.2. A detailed description of these assumptions is pre-
sented in Volume I of the 1978-79 EMS Policy Research 
Project Report (5). 
SAMPLE RUN 
This section illustrates the use of the GAS program in 
Analysis of EMS, Volume II 
Table 4.1 
GAS Demand Sunogates 
Demand Surrogate Source Limitations 




City of Austin Department call pattern changes after 
1976/1977 of Emergency Medical Services 
records of calls from December 
1976, January, June, July, 
limited sample size 





population under 18 
population over 65 
1976 Special Census of the 
U.S. Bureau of the Census 
changes in population 
after 1976 
selecting good emergency medical service. vehicle sites in 
Austin. The sample program uses the GAS option of the 
GAS program to identify four ambulance sites that maxi-
mize coverage of critical calls within a five-minute primary 
service time. The required data are provided to the GAS 
program on sets of computer cards: job control cards, mas-
ter cards, demand data cards, problem cards, and constraint 
cards. Figure 4.1 illustrates the general card deck structure 
for solving GAS problems using The University of Texas 
computer system. Table 4.3 lists program parameters and 
keypunching instructions for GAS. 
Job control cards are installation-specific instructions 
that tell the computer to perform various functions. The 
job control cards listed in the appendix can be used to solve 
the sample problem on either the City of Austin computer 
(Table 4.8) or The University of Texas computer (Table 
4.9). 
The GAS program uses two master cards to indicate 
parameters for a specific run. The first card lists data on the 
number of potential facility sites in the study area, whether 
or not demand weights are to be read, and whether the 
travel time is read in the form of a matrix or as (x,y) co-
ordinates. The sample problem uses demand weight cards 
and an external tape of travel time data. The second master 
card specifies whether special constraints appear in the sub-
sequent data cards and whether to use the GA or GAS 
sele.ction procedures. No special constraints are used in the 
GAS sample run. Keypunching instructions for both master 
cards are given in Table 4.3 . 
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data not available for 
outlying county serial zones 
The demand data cards consist of weights representing 
each zone's demand for EMS. The sample run uses the fre-
quency of critical calls in each of 3 58 zones. Each card may 
contain weights for ten zones ; hence, the sample run uses 
36 cards to list the demands from 358 serial zones. The end 
of the demand data is signified by another installation 
specific job control card. 
Two problem cards follow the demand deck. The first 
can be used to state a title of the problem and the second 
indicates the value of certain parameters: (a) the nwnber of. 
facilities to be sited; (b) the primary service time in whole 
minutes; (c) the secondary service time in whole minutes; 
and (d) whether or not special constraints are used. For the 
sample run, four facilities are sited to cover calls within a 
five-minute primary service time. Ten minutes is the sec-
ondary service time and no special constraints are used in 
the sample problem. 
Special constraint cards are included when a user wishes 
to fix and/or eliminate potential vehicle sites from consid-
eration. The first constraint card indicates the total number 
of sites to be fixed. Cards listing fixed zone numbers pre-
cede cards specifying those zones to be eliminated from 
consideration. Only one zone is keypunched per card. 
Two blank cards complete the GAS data deck. A com-
puter-specific job control card follows to end the program. 
PROGRAM RESULTS 
After GAS lists the demand data used in the problem, it 
Subject 
study area 
potential vehicle sites 
origin of calls for EMS 
service 





interzonal travel times 
GAS objective 
measure of effectiveness 





set of discrete zones represented 
by. centroid points connected by 
travel time links 
any zone centroid 
any zone centroid 
some measure of "demand" 
all vehicles are identical in speed 
of response and equipment 
personnel have equal expertise 
a vehicle can respond to any call 
closest available vehicle is dispatched 
interzonal travel may be measured 
either in time or distance terms 
locate vehicles so as to maximize 
coverage of demand within a mini· 
mum response time 
maximum response time 
occurs if all demand is covered or if 
maximum number of vehicles are 
sited 
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Austin Sample 
Application Assumptions 
set of 358 transportation serial 
zones represented by centroids 
connected by travel time links 
any zone's centroid of popula· 
tion concentration 
any zone's centroid of popula· 
tion concentration 
the number of critical calls 
that occurred in each serial 
zone during December 1976 
and January, June, July, and 
August of 1977 
all vehicles are identical in 
speed of response and equip-
ment 
EMS personnel have equal 
expertise 
four vehicles can respond to any 
call 
closest available vehicle is dis· 
patched 
interzonal travel times 
locate vehicle sites to maximize 
coverage of Austin's critical 
calls within a five minute re· 
sponse time 
maximum response time 
occurs if all calls are covered or 
if maximum number of vehicles 
are si ted 
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Figure4.1 




demand data cards 
master cards 
control cards 
finds the site that covers the largest fraction of the critical 
calls. The site, serial zone 9 in the example, can cover some 
zones and cannot cover others. Table 4.4 lists the serial 
zones that are either covered or not covered within five 
minutes. The tenn "population" means "demand surro-
gate"; total critical calls is the surrogate in the sample run. 
Tables 4 .5, 4.6, and 4.7 record the vehicle sites and service 
areas chosen on successive iterations. 
At every iteration the output lists the fraction of de-
mand covered and the areas of service (the serial zones) of 
each chosen vehicle base. Table 4.4 indicates that zone 9 
covers 403 critical calls or 39 .24 percent of the critical calls 
within five minutes. The second iteration adds zone 101 to 
REFERENCES 
(1) Richard L. Church, An Introduction and Guide to the 
Location of Public Facilities Utilizing the "GAS" Pro-
gram (Austin: LBJ School of Public Affairs, The Uni-
versity of Texas at Austin, 1979). 
(2) David Eaton, Richard L. Chwch, Vivienne L. Bennett, 
Bryan Hamon, and Luis G. Valencia Lopez, "On De-
ployment of Health Resources in Rural Valle del Cauca, 
Colombia," in Planning and Development Processes in 
the Third World, ed. Wade Cook (New York: North 
Holland Publishing Co., 1981). 
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zone 9; together these bases can reach 55.11 percent of 
Austin's critical calls. Iteration three adds zone 190, which 
increases coverage to 65.34 percent (see Table 4.5). Note 
that GAS substitutes zone 10 for zone 9. This is illustrated 
in Table 4.6. GAS reviews each chosen site to see if a sub-
stitution will increase coverage. For a three-veltjcle solution, 
a base in zone 9 can be replaced by zone 10; coverage in-
creases from 65.34 to 65.82 percent. Substitution appears 
again in the fourth iteration. After selecting zone 258 as the 
final facility location, GAS opts to replace zone 10 with 
zone 52 to increase critical call coverage from 74.20 to 74.78 
percent (see Table 4.7). 
(3) Richard L. Church and Charles S. Re Velie, ''The Max-
imal Covering Location Problem," Papers of the Reg-
ional Science Association 32, no. 101 (Fall 1974): 
101-18. 
( 4) Lyndon B. Johnson School of Public Affairs, Location 
Techniques for Emergency Medical Service Vehicles, 
Volume II: Travel Time Data- Descriptions and A s-
sumptions Policy Research Project Report No. 34 
(Austin: LBJ School of Public Affairs, The University 
of Texas at Austin, 1979). 
(5) Ibid., Volume I: An Analytical Framework for Austin, 
Texas. 
Table 4.3 > 
!. GAS Electives and Keypunching .. 
0 
Card Set Card Number Definition Columns Value Value in Sample Run Comments .... tTJ 
~ 
MASTER 1 Specifies Parameters: Yl 
number of potential facility sites in study area 1-5 integer variable 358 integer numbers are < 0 
punched right-justified in E" 
the appropriate field B ... -number of demand points in study area 6-10 integer variable 358 
whether or not demand weights are read 20 1 if read; 0 if no tread 1 
whether the travel time is read in the form of 25 if matrix; 0 if (x,y) coordinates 1 
a matrix or (x,y) coordinates 
· 2 Specifies Parameters: 
whether special constraints are used 20 1ifused;0 if not used 0 
whether GAS or GA algorithm used 40 1 ifGAS;O ifGA 1 
DEMAND 1 Assigns Demand Weights to Zones: 
DATA 
value assigned to zone number 1 l~ decimal number 1.000 ten demandnodespercard 
value assigned to zone number 2 9-16 decimal number 5.000 
VI • • • • 00 • • • • • • • • 
value assigned to zone number 10 73~0 decimal number 1.000 each demand weight has 
2 value assigned to zone number 11 l~ 
a decimal point 
decimal number 1.000 
• • • • • • • • • • • • • • • 
36 value assigned to zone number 358 57~5 decimal number 0.000 
PROBLEM 1 Name of Program l~O variable Critical Call !anY alphanumeric name 
CARDS History •acceptable 
2 Specifies Parameters: 
number of facilities to be sited in the city 1-5 integer variable 4 
maximal service time in whole minutes 6-15 integer variable 5 
secondary service time in whole minutes 16-25 integer variable 10 


















Table 4.3 (continued) 
Dtftnition Columns Valut 
Specifies Values For: 
total numbet of zones eliminated as potential sites 1-4 integer variable 
total number of zones which are ioced as sites 11-14 integer variable 
zone eliminated 1-4 zone index number 
zone eliminated 1-4 zone index number 
• • • 
• • • 
• • • zone eliminated 1-4 zone index number 
zone fixed 1-4 zone index number 
zone fixed 1-4 zone index number 
• • • • • • • • • 
zone ioced 1-4 zone index number 
Valut in Samplt Run Commtntl 
na use of X and Y indicates 














no sites were fixed or 
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•••• D• aJ,11•• SI O• ••••••• Sl D• ·z,••·· se D• 1,11•• IS D• z ••••• ,. D• J,11 
•• SI D• Z,11•• 56 O• 4111•• 57 D• 4011•• SI D• J,11•• 5• 0• J 111•• •I O• 4~11 
•• 61 O• 4,11•• 61 D• 5111•• •J D• 5,11•• •4 O• S,11•• 61 D• 6,11•• •• D• 51 11 
•• •T O• •ell•• 61 O• 4111•• •• 0• 4,11•• 71 O• 1,11•• 7l D• 6,11•• 7Z De •,11 
•• 1J D• 6,11•• 14 D• 1.••·· rs D• •••••• 1• O• 7,11•• 77 0• 6,11•• 18 O• '~·· 
•• 1• O• 1,11•• II o• •••••• ll O• •,II•• 12 D• t,11•• es O• •.1••• •• O• •,11 
•• 15 D• 11111•• e• O• llell•• 17 D• ll,11•• •• O• •,II•• e• D• 1 111•• •I Oe 71 11 
•• •l D• 7,11•• •z O• 6,11•• •s D• 7,11•• •• D• • ••••• ., 0• 1,11•• •• D• •••• 
•• •1 O• •,II•• ti D• l l,11•• •• O• •,II•• 111 D• 11111•• Sil D• ll,11•• llZ D• ll 1 11 
•• SIJ O• ll,11•• 114 O• Sl,11•• Sl5 O• ll,11•• ll• D• ls,••·· 117 O• lJ,11•• Sii D• az,11 
•• s•• O• &l,11•• lSI D• ss.••·· lll D• lZ,11•• 112 D• ll,11•• lSJ D• Sl,11•• lS4 D• az,11 
•• lll D• 1Z011•• ll6 D• &Soll•• 117 D• lS,11•• 111 D• 141 11•• 11• 0• lJ,11•• SZI O• t•,•I 
•• lZl D• a•,1••• lZZ O• &•111•• lZS D• &4,11•• lZ4 O• 14,11•• SIS 0• &•1 11•• 126 D• \S1 11 
•• SIT D• •••••• sze D• '····· lZ• 0• 5,11•• ,,. D• .,II•• lJl D• •,II•• asz D• 1,11 
•• SJJ D• •111•• lJ4 D• •ell•• 1J5 0• .,II•• lJ6 D• •,II•• &Jf 0• t,11•• SJI DI •,II 
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First GAS Substitution in Sample Problem 
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•• T D• Z,11•• I O• loll•• ' 0• loll•• ll O• loll•• aa D• l..... II O• ,~ .. 
•• &J D• l,11•• l4 P• loll•• IS 0• loll•• &• O• loll•• l7 D• loll•• 1• D• loll 
•• 19 D• l,11•• 21 D• lell•• 21 0• loll•• 12 D• 11 11•• IJ O• 10 11•• 14 0• J,11 
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•• 54 O• J,ll•• SS O• Zoll•• S• 0• •ell•• SY O• • 011•• SI O• S0 tl•• St 0• 1 0 11 
•• •I Oa loll•• •l 0• •ell•• •2 D• S,11•• •S O• 50 11•• •4 0• 5011•• •S O• • 0 11 
•• •• o• s,11.. •7 o• •·•I•• •• O• 1.1••• •• D• •.1••• 11 O• •.II•• 11 o• •.11 
•• 75 D• • 011•• 111 O• 4oll•• l•I Oa 4oll•• l•J O• Jell•• 1•4 O• 4,11•• l•S O• J~ll 
•• a•• D• loll•• 1•7 O• Zell•• l•I 0• Soll•• t•t O• 4011•• l71 0• 4011•• 171 O• J,11 
•• 171 D• J,ll•• l7J O• loll•• l74 0• Soll•• lYS D• Soll•• 17• O• • 0 11•• lYI D• 40 11 
u HJ O• •,II•• 214 O• 4ollu Zl5 .D• S 0 H•• IH O• 5 0 Hu 211 D• ••II•• HI O• 1~11 
•• Zit D• S,ll•• 211 O• Soll•• 211 D• •ell•• Zl2 D• 7.11•• llJ 0• • 0 tl•• 214 O• 70 11 
•• 211 D• 70 11•• 2&• O• 90 11•• 217 0• •.II•• 211 O• 90 11•• Ill O• 9011•• 2Zt O• 12011 
•• Ill O• 11,1 .. • IJl O• 1,11•• Ill D• 2.11•• IJJ O• Jell•• IS4 0• J 0 11•• IJS O• •elf 
•• Zl• O• 5011•• 117 O• 4,11•• IJI 0• Soll•• ISt O• J 0 11•• 141 0• J 0 11•• 241 D• 4~11 
•• 142 O• • 011•• Z4J D• S,11•• 244 0• Soll•• 245 O• 7,11•• 14• O• 110 11•• 147 O• 111 11 
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•• 254 D• •·•I•• ass o• s.11•• zs• o• •·•1•• as1 o• 1,11•• 25• D• 1.1••• 1s• D• 1,11 
•• l•I O• 9,11•• l•I O• loll•• z•z 0• 9oll•• l•J O• 9,11•• 1•4 0• 11011•• l•I O• t,11 
•• I•• D• ll,11•• 171 O• 9oll•• 271 0• ll.11•• 174 O• ll.11•• 27S O• 14011•• Jl2 O• ll,11 
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APPENDIX 
Tables 4.8 and 4 .9 list the control cards used at the City 















City of Austin Computer Job Control Canis 
Keypunch Sequence on Cardf 
1 1 2 
5 0 5 0 







I I JOBLIB DD DSN=CITYl.TESTLIB,DISP.:SHR 
I I DD DSN=USERl .LINKLIB,DISP.:SHR 
I I EXEC PGM=GAS2 
I I FT06F001 DD SYSOUT=A 
I I FTOSFOOl DD. ,DCB=BLKSIZE=8000 








I I DD DSN=EM.MATRXl ,UNIT=T APE,DISP=(OLD,K.EEP),LABEL=(,SL), 
I I DCB=(RECFM=FB,FRECL=80,BLKSIZE=8000),VOL=SER=OO 1031 
I I DD* 





tThe text on each control card should be punched in the column shown. The use of brackets and lower 
case letters indicates that a deck of computer cards should be keypunched according to the format guide 
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Table 4.9 




Keypunch Sequence on Cllldf 
I 1 2 2 3 3 4 4 5 
0 5 0 5 0 5 0 5 0 




5 READPF 7816 TTM358 
6 COPYBR INPUf T APEl 
7 COPYBR TTM358 TAPE! 
8 COPYBR INPUf TAPE 1 
9 RETURN INPUf 
10 REWALLX 
11 COPYWER TAPEI INPUf 
12 REWIND INPUf 
13 RFL 70000 
14 MNF,l=GASPAC,E=4,:X 
15 (7 /8/9 multipunch in column one) 
[master and demand decks] 
16 · (7 /8/9 multipunch in column one) 
[problem and blank cards] , 
17 ( 6/7 /8/9 multipunch in column one) 
tThe text on each control card should be punched in the columns as shown. 
Parentheses indicate that the user should follow the punch instructions in· 
dicated or must insert user-supplied information. Brackets refer to a deck 
of computer cards that should be keypunched according to the fonnat 
guide of Table 43. 
Chapter 5 
A Manual for Users of Mapping Programs 
This chapter describes the application of computer map-
ping to emergency medical service planning. A map can be 
used to illustrate information on the relative importance of 
areas in a city. For example, a map of population concen-
tration or total calls in city zones portrays geographical de-
mand distributions in ways that tables or graphs cannot 
match. Mapping can illustrate policy alternatives and their 
implications, such as a set of proposed EMS sites and how 
they affect potential users. Prior to a discussion of the role 
of mapping in location analysis, a brief discussion of map-
ping is necessary. Rather than restate the contents of ex-
isting descriptions of mapping programs (see references [ 1] , 
[2], and [3]), the chapter will refer to these sources. 
Project members have primarily used two computer 
mapping programs called SYMAP (4) and SYMVU (5). A 
user can generate three types of maps with these programs: 
contour, proximal, and confonnant maps. Conformant 
maps graph a region as a collection of bounded areas; they 
are appropriate for illustrating Austin's 358 serial zones. 
SYMAP maps are two-Oimensional maps generated on a line 
printer. SYMVU maps are three-Oimensional illustrations 
produced by a pen plotter. The relative importance of 
zones is denoted by symbols and altitudes on SYMAP and 
SYMVU maps, respectively. 
OVERVIEW 
Conformant maps show bounded geographical areas with-
in a larger study area and are useful when the area is divided 
into regions such as political districts or census tracts. 
Creating a conformant map requires three types of informa-
tion: 
- a source map or a set of bounded geographical areas 
described so as to be read by the SYMAP program; 
- relative weights of regions, described as data corres-
ponding to each bounded area; and 
- map format instructions or directions for construct-
ing a map. 
In SYMAP these requirements are separated into three 
user-selected "packages." The source map or study area is 
described in the A-CONFORMOLINES package. Relative 
weights and the map format instructions are included in the 
E-VALUES and F-MAP packages, respectively. A package 
of job control commands call the SYMAP software for use. 
Although the form and placement of the job control com-
mands vary from one system to another, the general ar-
rangement of the user-selected packages is shown in Figure 
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5 .1. The con trot commands necessary to operate SYMAP 
on The University of Texas at Austin computer ·system are 
listed in Table 5 .5 of the Appendix. 
The SYMAP output can include : 
- a relisting of the A-CONFORMOLINES and E-
V ALUES packages; 
- statistics on the zone weights and information on the 
map dimensions; 
- a list of the zones and the corresponding weights; 
- a conformant map with a key to symbolism; and 
- a histogram of zone weight frequencies. 
To be discussed later is the method by which it is possible 
to suppress the histogram, the relistingofthe A-CONFORM-
OLINES package, or the relisting of the E-V ALUES pack-
age. A sample of the output is included in Tables 5.12 
through 5.15 of the Appendix. 
In SYMVU the three types of information are separated 
into two user packages. The source map and the relative 
weights of each bounded area are combined in one package. 
These data are read as the weight of each point on an (x,y) 
coordinate system, called the "Data Matrix" ( 6). TheSYMVU 
program also allows a user to access the SYMAP source map 
and relative weight information . If the SYMAP job control 
commands are modified and an instruction is included in the 
F-MAP package, the computer stores the SYMAP source map 
and data values for use in SYMVU. The OPTION package 
provides the user with a set of SYMVU electives for the 
production of the map. The output for SYMVU includes a 
three-dimensional illustration and a repeat of the instruc-
tions used in the OPTION package specifying the dimen-
sions and angles for viewing the map.• 
Figure 5.2 is a diagram of the relationship between 
SYMAP and SYMVU programs when the Data Matrix is 
read from a SYMAP-created tape. It shows how SYMVU 
can utilize the A-CONFORMOLINES and E-VALUES in-
formation and yet ignore SYMAP F-MAP map format in-
structions. 
By storing the SYMAP-created Data Matrix, the user can 
easily generate multiple SYMVU three-Oimensional maps. 
Different maps with various heights and viewing angles can 
be generated without having to recreate the Data Matrix 
•The term "OPTION" is not used by the SYMVU authors 
but is used here to refer to the package of SYMVU com-
mands in a way that is comparable to the SYMAP F-MAP 
package. 
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Figure S.3 
SYMVU Confonnant Map Packages 
- - - --OPTIONS Package 
each ti.me with SYMAP. If a stored SYMAP-created Data 
Matrix is used, each SYMVU job requires the two packages 
shown in Figure 5 .3. Table 5 .6 of the Appendix lists the job 
control cards used at The University of Texas at Austin. 
If the user only wants a single SYMVU map, it is pos· 
sible to add SYMVU options after the SYMAP F-MAP 
package, so as to produce both a SYMAP two-dimensional 
map and a SYMVU three-dimensional map at once. These 
changes are shown in Table 5 .7 of the Appendix. 
Although both two· and three-dimensional conformant 
maps show discrete zones, SYMAP and SYMVU display in· 
formation differently. Two-dimensional maps use symbols 
to denote relative weights; data must be grouped and each 
group (usually a range of values or an interval) is repre· 
sented by a symbol. Three-dimensional maps show relative 
weights through the map's third dimension, altitude. A 
unique altitude exists for each value- there is no need to 
group the data into intervals. These differences are reflected 
in the information and commands used to execute the two 
programs. 
SYMAP AND SYMVU PACKAGES 
Each SYMAP user package is identified by its name. The 
computer reads each package identifier to signal what is to 
come next. The end of each package is identified by a code 
consisting of five nines: "99999." Following the last pack· 
age is an additional identifier of six nines: "999999." In 
SYMVU the OPTION package consists simply of three lines 
of commands. If SYMVU is not using a SYMAP-created 
data matrix, additional commands are necessary to enable 
SYMVU to read the data matrix from cards or from an· 
other tape source. A description of each package follows. 
A..CONFORMOLINES 
The A..CONFORMOLINES package is a set of statements 
69 
that describe the outlines of each geographical zone on the 
source map. Each zone is numbered and represented by a 
list of (x,y) coordinates. The A..CONFORMOLINES pack-
age consists of the set of ordered zone outlines and state· 
ments listing the boundary points of the entire source map. 
Additional information on the package is available in refer· 
ences (7) and (8). Table 5 .9 in the Appendix lists specifica-
tions for keypunching the A-CONFORMOLINES package. 
E.YALUES 
The E-VALUES package provides weights corresponding 
to each zone as ordered on the source map. The number of 
values in this package must equal the number of zones. The 
package begins with the package identifier. Zonal weights 
are specified on successive cards, one zone to a card, begin-
ning with zone one. Specifications for keypunching the E-
VALUES package are given in Table 5 .10 of the Appendix. 
F-MAP and OPTIONS 
The F-MAP package in SYMAP provides the computer 
with a set of user-selected electives for map construction. 
These electives determine how the two-dimen~ional con-
formant map will appear. The package includes three cards 
to be used for a map title, instructions on the number of in· 
tervals for grouping the data, the symbols to be employed, 
and the size of the map. Table 5.3 in the Appendix lists 
some SYMAP F-MAP electives and associated keypunch in· 
st ructions. The electives shown in Table 5 .3 are only the 
electives applicable to conformant maps and not a complete 
listing of the electives available to SYMAP users (9). · 
The OPTIONS package in SYMVU allows the user to de-
termine the appearance of the three-dimensional con. 
formant map. Selected electives for the OPTIONS package 
are given in Table 5.4 with keypunch instructions. A com-
plete discussion of all SYMVU electives is available in the 
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SYMVU manual (10). 
It is possible to suppress certain output from SYMAP. 
The listing of the A-CONFORMOLINES and E-V ALUES 
packages is often unnecessary and easily avoided by insert-
ing any character in columns 21 through 25 of the card 
used to identify the A-CONFORMOLINES or E-V ALUES 
packages. The histogram, a table identifying the number of 
items in each interval, can involve several pages of output. 
The suppression of the histogram is accomplished by in-
cluding elective 9 in the F-MAP package (see Table 5.3 of 
the Appendix). 
EMS PROJECT APPLICATION 
The Austin EMS project members used conformant 
maps to illustrate the demographic conditions and EMS call 
patterns because these data were available for each of 3 58 
transportation serial zones defined by the City of Austin 
Transportation Study Office (11). These zones correspond 
to the possible sites for EMS vehicle bases. Project members 
completed an A-CONFORMOLINES package in January 
1978 describing the city of Austin and surrounding areas of 
Travis County (12). Various sets of data were used as E-
VALUES to generate both two- and three-dimensional con-
formant maps. These sets are listed in Table 5 .17 of the Ap-
pendix with index numbers for reference. The selection of 
the electives in the F-MAP and OPTIONS packages varied 
with the nature of the information to be illustrated. All 
maps were kept to the same dimensions. 
SAMPLE CONFORMANT MAPS 
SYMAP 
In the Austin EMS study and in the sample maps that 
follow, the A-CONFORMOLINES package was read as 
needed from a stored permanant computer file. This system 
is advisable when many maps are to be produced using a 
complicated base map. The weights used for the E-V ALUES 
package in the sample problem represent the total number 
of calls in a five-month period of 1976-1977. This package 
was always read by the computer using the card reader. 
SYMAP conformant maps can be generated using only 
default values for each elective available in the F-MAP pack-
age. However, certain electives are necessary for some com-
puter systems and other electives are advisable because of 
the nature of the information to be mapped. For the 
sample map showing total EMS calls, project members used 
a variety of electives. For illustrative purposes, the sample 
map employs many of the available electives (see Table 5.1). 
Table 5 .1 1 of the Appendix lists all the cards (including the 
F-map package) used for the sample map. 
Table S.I 
List of Electives Used in Sample Problem 
Elective Description Value 
3 number of value class intervals 4.0 
4 minimum weight value -0.5 
5 maximum weight value 69.0 
6 length of first interval 1.0 
length of second interval 23.0 
length of third interval 23.0 
length of fourth interval 23.0 
7 symbol for first interval (blank) 
symbol for second interval 
symbol for third interval + 
symbol for fourth interval x 
symbql for lower than minimum (blank) 
symbol for higher than maximum • 
symbol for background • 
8 suppression of zone lines 
10 text: "Zones with no calls are shown as blank" 
15 number of vertical lines per inch 6.0 
21 map stored on tape 8 for use with SYMVU 
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Following the initial package identifier, "F-MAP," three 
title cards are required. These three cards can include any 
user comments. A common error is to use only one card; 
the computer then futerprets the following two elective 
cards as part of the map title. 
Electives 21 and 15 were essential for maps produced by 
project members. Elective 21 instructs the computer to 
store the SYMAP conformant map on tape for use in gen· 
erating a SYMVU conformant map. Elective 15 specifies 
the number of vertical lines per inch and the number of 
horizontal characters per inch on the line printer being used. 
The line printer used by the project members printed s~ 
vertical lines per inch and ten characters per horizontal inch. 
It was only necessary to specify the six lines per vertical 
inch in Elective 15 since the horizontal default value is ten 
characters per inch. Omission of Elective 15 would result in 
a distorted map, elongated along the north-6outh direction. 
The nature of the information being mapped determines 
the use of other electives; however, Elective 8 is necessary 
for mapping serial zones in Austin. This elective, when used, 
suppresses the zone lines which are shown as blank spaces 
between the zones. The zones in the central part of the city 
are so small that their inclusion leaves no room for weight 
symbols and the central city appears as a large blank area. 
The use of electives 3, 4, 5, and 6, which relate to data 
intervals, depends on the information to be mapped. If 
these electives are omitted, the default is a set of five 
equally sized intervals, spanning the minimum and maxi· 
mum weights contained in the E-VALUES package. Many 
of the project maps were generated with these default val-
ues. To illustrate a case of non-equal intervals the sample 
map uses four intervals. The minimum value was specified 
as -0.S by using Elective 4 and the maximum was specified 
as 69.0 by using Elective S. The four intervals between 
these two extremes were not divided equally but have 
ranges of -0.5 to 0.5;0.5 to 23.5; 23.5 to 46.5;and 46.5 to 
69 .S, respectively. This grouping shows zones with zero 
calls separately. If values lower than the specified minimum 
or higher than the specified maximum are encountered in 
the E-V ALUES package, the corresponding zone will be 
covered by the symbols "L" or "H" respectively (unless 
specified otherwise by Elective 7). 
Elective 7 permits the user to select the symbols used in 
mapping. If Elective 7 is not used, the symbols will be the 
standard set shown in Table S .16 of the Appendix. The 
sample map illustrates the use of user-selected symbols. The 
use of blanks to indicate a zone with zero calls resulted in a 
conformant map that was not clearly defined along the out· 
side boundaries where most zones with zero calls exist. It 
was therefore necessary to create a background using the 
symbol"•" (OXAV overprint). 
Elective 10 provides additional space to include text. In 
the sample map this space was used to add the text: "Zones 
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with no calls are shown as blank." 
Figure 5 .4 shows the completed map; other types of out· 
put information are included in Tables 5 .12 through 5 .15 
of the Appendix. To illustrate how SYMAP handles zone 
weights outside the specified minimum-to-maximum range, 
the maximum weight was intentionally specified lower than 
73 (the actual maximum value in the E-VALUES package), 
thus forcing the sample map to use the symbol "•" (OXA V 
overprint) as specified in Elective 7 to show these zones. 
SYMVU 
The SYMVU OPTIONS package consists of a title card 
and two elective cards. The second and third cards include 
space for electives 2-1 and 2-22 and 3-1 to 3-10, respec-
tively. Table 5 .4 of the Appendix lists selected electives 
which were used by project members in the Austin EMS 
study. Not all available electives are necessary to produce a 
three-dimensional conformant map. In fact, if a SYMAP-
created data matrix is used as input, only three SYMVU 
electives (24, 2-12, and 2-18) are necessary to generate a 
map. The SYMVU manual also indicates that electives 2-1 
and 2-2, which specify the dimensions of the data matrix, 
must be used (13). However, a programmer analyst at The 
University of Texas at Austin, David Carver, has imple· 
mented the SYMAP and SYMVU programs such that these 
electives are not necessary on the University computer. 
Elective 24 specifies the direction along which lines are 
to be drawn. Depending on the angle chosen for viewing the 
map as specified in Elective 3-2 (azimuth), the direction of 
the lines can be north to south, east to west, or along diag· 
onals. The preferred direction for each azimuth value speci· 
fled in Elective 3-2 is given in the SYMVU manual (14). 
Project members found that maps look best if lines appear 
along the east-west direction or along the "rows." 
Elective 2-12 specifies the number of vertical lines per 
inch for the SYMAP maps when SYMAP-created files are 
used as the data matrix for SYMVU. The value in this elec-
tive must agree with the value in Elective 21 of the SYMAP 
F-MAP package. For the sample map this value was 6. 
Elective 2-18 tells the computer to read the weights for 
each of the (x,y) coordinates of the data matrix from a 
SYMAP-created file. These electives and others used in the 
sample map are shown in Table 5 .2. The map which was 
generated is shown in Figure S .5. The entire job which pro-
duced this sample map is shown in Table S.11 of the Ap· 
pendix. 
CONSIDERATIONS IN MAP PRODUCTION 
SYMAP 
The use of transportation serial zones for the division of 
Analysis of EMS, Volume II 
Figure 5.4 
Sample SYMAP Confonnant Map of Total Call History 
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Options Used in Sample Problem 
Description 
lines along rows 
crosshatch on base 
number of vertical lines per inch used in SYMAP input 
block base 
weights from SYMAP input 
map viewed at 35 degrees above horizon 
top of map turned 15 degrees east of north 
width of map is 6 inches 
height of map is 3 inches 
Figure S.S 
Sample SYMVU Confonnant Map of Total Call History 
(from a perspective of 35 degrees) 
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Figure 5.7 
SYMAP Map of Calls per Person 
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11111111111111111111111 . ••••• , ••• ~. , . , ., ••• ,.,.,.,.,., ••• , .,.,,,,, • • • • , ••• , ••• ,,,.1111111111 
11111111111111111111111 , ••••••••• , •• • •• , ••••••• ,., ••• , •••••• ••• ,... . , ••••• •• ,,,,,111111111 
•1111111111111111111111 . ,. , •• ,,,, • •• ,.,., . , • •• ,.,., ••• ,., .,., •••••• ., ••• , .,., ,, •• 11111111• 
1111111111111111111111 ••• , ••• , • •••• , ••• , ••••••••••• , ••• ,... . . . ,.,., ................ 1 
1111111111111111111111 ••••• ,., •• •• •• • •• ,~, ., ., •• , ,.,.,, •••••• ,... • • ••• , ••• ,,,11111111111 
11111111111111111111111 , .,. , ••• , ., •••• ~ • • •••••• ,, • • , • •••• ,., •• ••• , ..... • .. ...... .......... ! 
11111111111111111111111111111 ••• ,. , ., •• ,,, •• , • • • ,.,.;.,,,., •• ••• •• , • •••• ,., • •• ,., ,111111111111 
•111111111111111111111111111111; .; ••• , ••••••••••••• • • , •••••• , , .,., ••••••• ~ ••• • • , . ,., ~ , . 11111111111• 
11111111111111111111111111111~· • • r •: • r•••••••••t• r• ••r• t• • •r • r•r •r• ••••t•t•••••••r • • • r • 111111111111 
1111111111111111111111111111. , . , ., ••• ,., ••• • •••• ~ •• •• , ••••• ,~,.,. , •• • • • ,., • •••• , • ••• ,,, ............ . 
1111111111111111111111111111., • ••••• • , ., • • , • • , ,,,,, • • ,., ••• , , ,, ttf•••t •••t•t• P•t•• ••• • t llllllli .... I 
1111111111111111111111111111.,. ,.~ ••• ~., •• •• •• ••• , •• ,,., • • • , !t•t•t·•·············· 1111111111111 
•lllllllllllllllllllllllllll,,.,., ••• ,., •• • •••••• , ••• , •••• • • • ,., . , •• ••••••••• , .,.. 111111111111• 
1111111111111111111111111111. , ••••••• , •••••••• • • • , ••• , ••••• ,., • •••••••••••••••• ,.. 11111111111111 
11111111111111111111111111111 •••••••••••••••••• •• , •• , •• , •• • ,.,.. 11111111111111 
11111111111111111111111111111111111111111111 •• ,. . . ............. . 11111111111111 
1111111111111111111111111111111111111111111111 ••• • ••• ;. 11111111111111 
1111111111111 ... 111111111111111111111111111111 •••• •• 111111111111117 
1111111111111111111111111111111111111111111111• 111111111111111 
111111111111111111111111111111111111111111111 111111111111111 
111111111111111111111111111111111111111111111 111111 ........ 1 
111111111111111111111111111111111111111111111 ............. 1 111111 .... 11111 
•11111111111111111111111111111111111111111111 1. 111111111111 ....... 11111111111111 ............. . 
11111111111111111111111111111111111111111111 1111111111111111111111111111111111111111 ................... , 
1111111111111111111111111111111111111111111111 11111111111111111111111111111111111111111111111111111111111111111 
•····•···-l•···•··-·Z-···•····>··-·•-···•····•·•·•S·--·•··-·•-···•-~·-1~·-·•-···•·-.-•····•~···•·~&·--·•---•l•••••-.• 
EMS call~ 0.11- · 0.41- 0.71 - above 
per perso!1 .... ~ ....... ~'2;,\~ ..... ~~~~ ....... ~~~~ ••• 11.l~~ ..... 1.el .. .. 
••• • , ••• , ••••••••• xxxxxxxxx ......... 111111111 
••• •••••• ••••••••• xxxxxxxxx ......... 111111111 
Symbol • , .. .. .. •••• •••• uu xxxx •n• .... 1111 1111 
••••• ••• , ••••••••• xxxxxxxxx ......... 111111111 
••••••••• ••••••••• xxxxxxxxx ......... 111111111 .................... ~ ...... .,. .............................. .. 
Frequency 59 276 9 5 3 6 
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Figure S.8 
Comparison of SYMAP Maps Showing Critical and Noncritical Calls 
Using Standardized Intervals 
•----•--••1•••••••••1••~·•••••1•••••••••4••••+••••S•~··••••• .. --•••·~•Y..-·~·-~........_...._..,P•••t .,_. 
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J ••••••••• t·~·-- I 
J • ·• • • • • • • • I 
•••••••••••~••••••••l•.-•t••••J••••••~••4••••t•---S••••••••••••••t••••7••••t••••l•••••••••f•••~t•••Pi••••+••••l••••+-.e 
Number of 
Calls 0-9 10-19 20·29 30-39 40-49 50-59 60-69 70-79 80-89 . 90-99 ..................................................................................................... 
••••i •• •• ••••••••• ••••••••• aaaaaaaaa +++++++++ llXIXllll 000000000 .................. 1 ........ 
••••••••• ••••••••••••••••••••••••••••••••••••••••••••• 000000000 .................. 111111111 
Symbol •···•···· ••••z•••• ----1---- • •••••••• ••••S•••• ••••••••• 000010000 ......... ,,,,,, ........ .... 
•••• , ••••••••••••••••••••••••••••••••••••••••••••••••• 000000000 ......................... .. 
•••••• ; ••••••••••••••• •••••••••••••••••••••••••••••••• 000000000 .................. 111111111 ..................................................................................................... 
Frequency 227 83 33 10 4 0 0 0 0 
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Figure 5.8 (continued) 
·~·--•·~··•····•····2····•··-·l····•····•····•···-~·-··•···-•····•-···7····•····•··-·•··-·•····•····l····•····a····•··• 
l t'. \ l • • \ I 
CIUTlCAL CALLS ... ~,;, l 
+ ./.-...... .... ~·.;., • · --- . . l 
. ... . ..... , .,., .,.,.,., ••• ! ••• , .• - J• . 
1 . . '•••••• •• ••••••••t•••••••••••t• ••t•• • " ••• . I 
I ~~·••••••••t•••••••••••~•••••r•t••••••••••• , •••• l 
I . ·-· . ~ttr•••·•~r•••• ·~ ~; . ~ ., ••.. ,,.,,~ ••• ;.,,,.;,;">-.. ., · / •••••••~ J 
l ['' /•··· ·~.. ~********** ••••••··~·••t•••••p•••••1•r•••••rtt•t•;.;e,,,,,,, ••• ,,~.-. I 
l '!••• t• •~1••• ~•-.._,...• ••~****** , •••• • ••!t'•• ;• ••••••t•P•''f' ~ '''Jf! t ~ • Ptft,•t•••t•••t•!• ~·~ l 1 ., •• • , ••• ~·······r•••••••• ••••*~······~·~·t••···~·r•••1•r•••••r,,,,,, ••• ,.~· · ····· ~ ···••• I 
I -r•••••••••••,•••••••1•••••••••• •••• •••••···~···••••••••••••~••,,.,.,,,;,, •• ,., ••• , ••• ,.,.,.,...,_ __ I 
I .•:•••••••••••t• '· ~···•••••••••••• **** ••• ••t 1•••• •••••• •• •1 ••••••••• f• t•••••••1• ••••,••••••••••••••- I 
I 1•••••••••f··~··••1•••r••••••••••• **** •••••r·~·~··•••p•t•••••t••t••t•t•f•••t•••,•••t•••t•••••t•t•,••I J ~.,.,.,., ••• , ••• ,.~ ••• ,.~ .•••••••• •••••, . •••• ,.,., ..••••• , ••••• , ••• ,.,.,,, ••• ,.,., ••• , ••• , ••••••• ,., ••• 
l c••··~··••••?t•••t•••t•••••••••t•• ·~·••••t•••t• !•,•r•t•••••r••••,r tftt• ••••t•t•t•••••,•t•••,•t •• ~ I 
' , ••• ,. ,., .,,,.,.,. ~., ., ••••••••• , ••• ! ••••••• , ••• , ••••••••••••• , ••• ,.,., ••••• , ••• , ••• , ••• , ••••• ,.,., • . 1 
l 1· • • • • • • • • • • • • 1 • • •, • • •' • • • • • • • • • • •' • • • t • • • • • • • • ~·.1 • • • • •, •'•••••I•••'•'• t •' • '•, • '• '• '• • •, •' • • •' •• • • • • • . I 
· ~, •. ,.,., .•. , ... , ••. , .!······ ············ -~----~········································••t•t•t• , 1 2 ~··· ·!•••• •1 ·~·1··· ~· ····~·· · ·········· ~·· ··· ·~----~-··~, ••.• , ••. •• ,.,,,, •••••• , •••.••. , .•••• ,., •••• , 
I ,.,.~·:••tt•·~•·••r•••r•••••••!•••••••!••••• , ••• ••• ••~t•••••••••t•t•t•••••t•r•r•••••t•••••••••r••••' 1 ''~·~·,·~·r••rr•:•~··•r•:•••••t••••••••••••• •••• ••• ****f•••,• r•• •••r rr• ••• ••• r•t•,.,.,.,,,,,.,.,,! •• I 
1 \ ~~···~·•·,,, ,,.,., •• • , •••••••••••••• • ,. ···~ ••••. '***~~·····~·····r •r •••••t•••••••r•••••••t•••' ' ' ' ' I 1 ,·~·~·•••••·••t·~··•·•r••••••• :• ••••••t•••••••••'•~··~••••••••••••r•t•••t•P•t•t•••••••••••P•t••••••' 
• ,.,.._. ,.t••• •• ••• ·~·• ·······r ···~···· •,•••••t• ••• •:•r• t•, •••••• r •••·•·~····•r•••••• •t•• •r•••••••••••••r•••r••• 1 ,·•••r•: •• ••••• ,• ••t••·~ ·· ·t· ••• •• •,•! •••••t•! •···· ~·· ·: ·•• •••• •·· · •·~·· ··· r ·~, ,. ,.,. ,., ••• , ••• ,., ••• , •••••• 1 
I _ ,,,,.~ • • • • t • 1 •' •' •' •' • • ! t • • •' • • • t • • • • • • •' • • • • • • • t • t • • • t • r • t • 1 • • • • • • • t • t •, • t • • • • • t • t •, • • • t •, • t • • •t• • •, • t • t ••••••_.!.•I 
l, . 4 - ~•~•••••,•t•!•f•••t•f'''J•••r•••t•••••••••••t•••t•••••• tt •t•t•••••••t•••••••••••t•r•t•••r•••••t•t•t••••••••••t . I 
!
~,.,., ....... ,.,.,.!., ••• , •• !, ••• , ••• ,., ••••••••• , . , .,. , ••• •• ,., ., ••••• ,.,,,.,., ••• ,.,,,,, ••• ,.~., ••••• ,.,.,.,.,.; l 
,,,.,., ••••••• ,.,., . ,.,. , ••• , ••• , ••• ,.,., ••• ! .1••••• t•••••~· r•••r·~· ~·•• t•, •••,•••••''' ''•'•••••,••• •• •••••••••; J 
•t••t•••••••••r• t•!• t•t• • •••••••r•••t • ••••••••••••••••••••t•t•t•r•••••••t•,•••••••••t•P•'•••••t•t•t•••••••,•t•~ I 
l 'f• ••••••••·~·:· ~· ···~·:·~· ~ · ··~· ·•:•••••• ••• •••••••••••••• : •••:•••:•••••••••••••••!•: ~!•!•• • : ••••••••·~:••••• I 
I \•••••••••••• !•t · ~ , •• ,~ ••• , ••• , •••• •• ••••• •• ,.,., •• !,•t•••t•••••••t•••t•t•••••r•t•••••r•••••••••••••••••: l 
J \ •••• •••••• •t•, ••••t•••r•••r•••••••••••t•••t•••••t•t•r•t•••••t•r•••••t•••••t•t•t•t•••••t•••t•••t•••t• : I 
• \,........... \ . t •••• ' .••• , •••• • t ••• t •••• • , ••••• '. '~' ••••• ,.,' •• ,.'., .. .. , • '. • . • , • , • '.' ••• ,. t ••• ,.' . : • 
I .• , , •• • • , • •. , ; ~ ; • , • , •, • t ••• • • • • , • , , , • • , , , • • • • ! • , • • • • • •, • • • , , , , •-!~* t, t, • • , •, •,,,.,. ! • •• , •, • , , I 
l ••••••••• . , •• , ••• , ••• , ••••••••• , • •••• ~ ··· ···~ ··: ············~··· , .,., .,, ~ .,.,.~.,........ . l 
I •••••••• ·· ·~···~ ·· • •••• •• •••••• • • ••••t• ••t•t •t•r••••• ••r •• ,._;ll, ••• , ••• , ••• ,.,,,.,.,., ••• ,.,: J 
l , , • ~ ••• ·/ ••• , • t., ... , ......... '., ... '. ' ... ' ! ' ••• ,...... • • .,,. ••• , •• , •• , ••• t ••••••••• ' ••• f : l • ••·7··· ••!• ,•t•••:•t••••••••••••• t •••••••t•r•r•••• ••~·· • ••• , ., ,, .,.,.,. , ••••••• ,, •• , • 
J , •• ,, ., , • •• , ••• , ••••••••••• , ••• , •••• ~ .... ~., • ••• ••• ••* * ••t•t•••••t•••t•••••••••••. I 
I •••• ~·,•••••••t•••••••••,•t•••••••··~,···~ ••• ••• •••• ., . ,,, .,,,.,., ••• ,.,.,.,, l 
I~ . \•••••••f•r•••••••••••••••••t•••••t•t•t••••••• .-•••• •••• • t•t •t•t•t•••••t•••••••t• j l ! f·- ·r· ~ ·····1· ···· ···•, •t ••• t•••••t•t••• r•• •••! ••• ·-- .,.,,,,,,,.,.,.,,~.,., ••• ,... ! 
~· •·1···~···••••••••••!•1•••••••••••••••••••••••t•••••r • ••,,,.,, •• ,.,.,.,.,., ••• , •• : 
I .•(•••••••t•••r•r••···~···••••••••!··~:·t•r•••••,•t••••••••••••·~·r••,,.,.,.,.,...... I 
I 1 .,.,,,.,.~··•t•,•••••!•t•••••••••••t(i(••••••••••••t•t•••,•••!•t•'''''.,.,.,•••••••••• I 
l , •• ,.;.,.,.r•••r•t•••••••••••••••••••j••••..........._ •• ,., •• ••• , ••• •• ,. ,. , .,.,,, ••••••••• ,.. . 1 
l ••r•• •••··~· ·•t••• •••••• •••• •• •••••:<;;j~.!!!~~· ·• •r•••,•t•••••r•t•t•P •••t• ••••••• • •••• I 
~ ~·:::::;:::;:::::::: ::: ::::::: :;:::::.:~:::~~::; :::;:;:;:::::~:::::: :::::::: :::::::;:~ i 
I .,.,,,.~·~·~·r•••••••••••••t•••••••••t•'·~~··••t•••t•r••·~·r•••••••r•r•••,••••••••• . 
~ ~::: ::::;:;::::::::::::::: ;:::::: ::: !!;::: ~::.::;:: ::: :::::::;~:;:::;:; :: :::!::::::::: ~ ~ • · · ·········~··················· ····~~., ... , ..... ,., ..... , ... ,.,!, ......... , ... , ... , ... 7 • 
1 •• , ••••••••••• , •••••••••••••• • ····~ • • ,.,., •••••• ••••••••••••• ,,,,,,,. , ••• , ••••••• ,,.~ ,' 
1 ''''!•t•r•r•••t•!••••• ••t• •••• ••••••r•••t•••••••t•••••••••,•t•t•••••r•••r•••••••••• i 
1 ·· ~ ····•••r•••••••••••t•••• •• •••:•,•:•••••••r•••••••r•t•r•,,,.,.,.,.,., ••••••• ~ l 
I ··~···:······ ·· ·····••• •••••t•:···~·······t ••·'·'·!~··r·,,, ••• ,.~.,., ••••• ,. , ! 
' .. !~r·••t•••••••••!•r•••r·••!•••r•t•r•••t•t•t•••••••••••r•r•~!'''''., • •••••• ,~ 1 I ..-•r•t•••t•••••••••••••••t•••••r•••••t•••••••••••••••••••t•,•••••••••••••••••t; 
J ~·•••••••••••••••••••••••••••••••••••••••(****•'•••~ •••••r•t,t•••••••••••••••• I 
I ~, ••• ~.~.;•••••••••••••••••t•••••;.,.; ••• ,)l••••*****~••t•t•t•~•;•t•t•••t•,••. I 
J '• J•••r•••t•••P• •••••• r ••••••••••~t•t••••• ••••••••••• •••:,,,.,,,,. ,.,., •• ,,. ~ I 
+ \t ...... , ......... .. ,.,.,., ..... ,.,., ................... ,.,, .. ,.~ ... , ....... ,. . 
I •• ; ••• , •••• •• ••• •• •••••• •••• , .,.,., . • • •••••••••**'>••r••• ••••r•••• ••••••• ; I 
I ~··••• •••••••••t•••t•1···~··•••••,•!•!•t•••••t• t• t•,,,.,., ••• ,... l 
l l·······~·····t•t·~·~····•••t•••••t•!•••r•trt•t· .. ~·1•• ••••••• l I ,,., •• ,.,,.,.,, ,,,.~ ,,,., , ., ,,.,. ,, ,. ,., .,,,., ••• ,, ••••• • ,f I 
1 • •••• ••••• •••!•t•••1••• f • t•! •~•t•~••••• t • tt! • f•••t•t• ••••~ 1 
l •:• ••• •t•••••t• t• r•••••••••t•••, •••·•~· ft t•t• t••·~·r•t• •·~ I 
I •t••••• ••• ••• t •••••t• t••• •• •••• ,•t• t •••t••••• t•t•r•• •••r•• l 
1 • • • , • • • • • • • • • • • 1 • • • , • • • • • • •. !_•.t • , • • ! • ! t.• • 1, r • • • • • r • • • • • • •, I 
I •••••••••••••••t•t•..J,!• •~ !-" ' •.__t~!~··••••••••-'- I + .,.............. •. \.. • •••• ,. • 
J l , •••••••••• ~ ~,.. .• l 
I .. ' ' • • • • • • •/ I 
······-··~·--·-···--2--~-·----3·--··-~-·4·····~---······----·--··7··--·----·----·----·-····-··-l·--··-·--t·-······ Number of 
Calls 0-9 10-19 20-29 30-39 4049 50-59 60-69 70-79 80-89 90-99 
Symbol 
..................................................................................................... 
····~···· ••••••••• --------- •••••••••••••••••• xxxxxxxxx 000000000 ••••••••• 111111111 111111111 ••• •••••• ••••••••• --------- ••••••••• ••••!•••• xxxxxxxxx 000000000 ••••••••• 111111111 111111111 ••••I• ,, ••••Z**** ••••]•••• ••••4•••• ++++~•+++ XXXX•XXXX 000070000 111111111 111191111 1111•1111 
•••• , .~ ••••••••••• --------~ •••••••••••••••••• xxxxxxxxx 000000000 ......... 111111111 111111111 
••••••••• •••••••• • --------- ••••••••• +++++++++ xxxxxxxxx 000000000 ••••••••• 111111111 111111111 
·····························•••&••············································· .. ··· ... ···•• ........ Frequency 334 21 3 0 0 0 0 0 0 0 
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Figure S.9 
Comparison of SYMVU Maps Showing Critical and Noncritical 
Calls Using Standardized Height 
(from a perspective of 35 degrees) 
the study area may distort some information because zones 
vary in size. A large zone with a large value will seem more 
impressive than a small zone with the same value, as the en-
tire area of the zone is covered by the same symbol. 
One way to illustrate zones with the largest number of 
calls is to use a symbol as the centroid of each zone.• Com-
pare Figure 5.6 with Figure 5.4 , as each shows the total 
number of calls in each zone. In Figure 5 .4 the larger zones 
close to the map's borders obscure the fact that most calls 
occur closer to the city's center. 
It is possible to map other related data. For example, the 
number of calls per person could be mapped by using a set 
of weights derived by dividing total calls in a zone by the 
population of that zone (see Figure 5 .7). Different job con-
trol commands and a short data manipulation program were 
used to produce this map; the changed job control cards 
and the FORTRAN program are shown in Table 5.8 of the 
Appendix. 
Care must be taken in making comparisons between dif-
ferent maps employing different variables with different 
*Centroid maps require the use of the B-DATA POINTS 
package which is not discussed here. For information on 
the B-DATA POINTS package see the SYMVU Manual. 
78 
ranges and intervals. Comparisons are more appropriate for 
maps with a standard interval and symbol set. The two 
maps in Figure 5 .8 compare critical calls and noncritical 
calls using the same ten equal intervals between 0 and 100. 
SYMVU 
Comparisons between SYMVU conformant maps is also 
difficult because each map has a unique upper and lower 
bound. A standard measure of height can be used to correct 
for these differences so that each map will have a different 
height. As an example, noncritical and critical calls are 
shown in Figure 5.9. The height standard for both maps is 
I 00 calls equals 4 inches (note that the maps have been re-
duced in the attached reproductions). 
The choice of altitude and height can also affect the ap-
pearance of SYMVU conformant maps. High peaks obscure 
low valleys and make it difficult to associate the weights 
with zones on the map. Altering the viewing angle or alti-
tude specified in Elective 3-1 of the OPTION package can 
improve the view. However, simply decreasing the height in 
Elective 3-4 reduces the variation and also makes viewing 
easier. Figure 5.10 illustrates these effects through four 
maps with different viewing angles and/or heights. 
t orRl CRll! 
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APPENDIX 
Table 5.3 gives selected electives from the SYMAP F-
MAP package. Only those electives applicable to confonnant 
maps are included. Table 5.4 gives selected electives from 
the SYMVU OPTIONS package. Only those electives which 
were found necessary for the maps produced by project 
members in the Austin EMS study have been included in 
the table. 
Tables 5.5, 5.6, 5 .7, and 5.8 give the control commands 
necessary to run SYMAP and SYMVU. Table 5.5 lists the 
commands for a SYMAP confonnant map of the city of 
Austin. Table 5 .6 lists the commands for storing the 
SYMAP-created data matrix in a pennanant computer file 
for use with SYMVU at a later time. Table 5 .7 lists the com-
mands for generating SYMAP and SYMVU confonnant 
maps at once without storage of the data matrix. Table 5.8 
gives the control commands and the program to produce a 
map with E-V ALUE weights as a ratio of two sets of data. 
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Tables 5 .9 and 5 .10 provide keypunch instructions for 
the A.CONFORMOLINES package and the E-V ALUES 
package, respectively. 
Tables 5 .11 through 5 .15 are related to the sample prob-
lem discussed in the text. Table 5 .11 is a list of the cards 
used to produce the map in Figure 5 .4 with keypunch in-
structions. Table 5.12 shows a part of the A-CONFORMO-
LINES and E-V ALUES listing that is included with the map 
output if not suppressed in the package identifier. Table 
5.13 shows the statistics on the zone weights and the infor-
mation on the map dimensions for the sample map. Table 
S .14 shows part of the list of zones and the corresponding 
weights. Table 5 .15 shows a part of the histogram for the 
sample map. 
Table 5.16 shows the standard symbols used in the F-
MAP package in SYMAP. Table S .17 lists the weights used 
as E-V ALUES in the Austin EMS study. 
Table S.3 > 
Selected SYMAP Electives E. '< 
!!!. 
"" 
Elective Card Column 2. t'l1 
Number Definition Number Number Fom14t• Value Explanlltion Default Commentl ~ 
Yl 
1 map dimensions 1 5 I 1 identifies elective < 
11-20 F vertical dimension in inches 13 default will be 13 inches 0 
21-30 F horizontal dimension in inches 13 in width or in length, c 9 
whichever is greater n 
3 number of value class intervals 1 5 I 3 identifies elective -
11-20 F l.G-10.0 number of intervals desired 5.0 must be an integer 
4 value range minimum 1 5 . I 4 identifies elective E-Value minimum can be negative 
11-20 F desired minimum 
5 value range maximum 1 5 I 5 identifies elective E-Value minimum can be negative 
11-20 F desired maximum 
6 ranges of value class intervals 1 5 I 6 identifies elective intervals of 
11-20 F length of first interval equal length 
21-30 F length of aecond interval 
3140 F length of third interval 
41-50 F length of fourth interval 
51-60 F length of fifth interval 
61-70 F length of sixth interval 
00 2 21-30 F length of seventh interval ...., 
3140 F length of eighth interval 
41-50 F length of ninth interval 
51-60 F length of tenth interval 
7 symbolism 1 5 I 7 identifies elective if elective 7 ia uted all 
2 1-10 A symbols in zones for intervals 1-10 standard symbols blanks will be inter· 
11-20 A symbols at centroids for intervals preted u blanks 
1-10 standard symbols default values apply 
21 A symbol for zones with weights leaa only when elective 7 
than minimum specified in Elective 5 L ii not uted 
22 A symbol for centroids with weights less 
than minimum specified in Elective S L 
23 A symbol for zones with weights.greater 
than maxJmum specified in mectm s H 
24 A symbol for centroids with weights greater 
than maximum specified in IDective 5 H 
25 A symbol for background (blank) 
26 A symbol for zone boundary lines (blank) 
3-5 1-26 A overprint of chuacters in columns 1- (blank) use of elective 8 will over· 
of other cuds 2-S ride any symbol in 
column 26 
8 suppression of contour lines or 1 5 I 8 identifies elective zone lines printed no other variables required 
boundaries 1 5 
Table S.3 (continued) 
Elective Card Column 
Number Definition Number Number Format• Value ExplaMtion Default Comments 
9 suppre!!.!ion of histogram 1 s I 9 identifies elective histogram printed no other variables required 
10 explanatory text 1 4-5 I 10 identifies elective no text all thirty cards not nece> 
sary 
2-3 1 1-72 A characters of text, up to 30 cards 
(last) 1-4 I 9999 indicates end of text 
15 number of characters per inch 1 4-5 I 15 identifies elective 
11-20 F number of rows per inch 8 rows/inch 
21-30 F number of columns per inch 10 columns/inch 
21 symvu tape 1 4-5 I 21 identifies elective no tape no other variables required 
• I = Integer right justified in field; F = Decimal number in field; A = Alphabetic or 
Numeric characters. 
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Table S.4 > 




Elective Column -m 
Number Definition Number Format• Value Explanation Default Comments 3:: 
.VJ 
< 
2- 4 Line type 16 I 1 lines along columns no map produced for azimuth 90-270 0 E" 
2 lines along rows for azimuth 0-180 a n 
4 lines along diagonals for any other angle --
2- 8 Nozero 32 I 1 prints nothing on base If using SYMAP as input 
2 prints crosshatch on base 2-8 reccommended to 
0 prints lines on base eliminate random pattern 
2-11 Endlin 44 I 1 deletes endlines draws endlines 
2-12 Symap 45-48 I 0-10 specifies vertical lines 8 lines per inch 
per inch from SYMAP 
2-16 Base 60 I 1 deletes base no base produced 
~ 
2 draws a base following 
map boundaries 
3 draws a block base 
2-18 F data 65-68 I 1 specifies input data from no map produced no map unless data input 
SYMAPtape by cards 
3-1 Altitude 1- 5 F 0.00-360.00 elevation viewed above 0.00 
horizontal 
3- 2 Azimuth 6-10 F 0.00-360.00 number of degrees map is 0.00 
turned towards east 
3- 3 Width 11-15 F 0.00- 10.00 width of map in inches 6.00 
3- 4 Height 16-20 F 0.00- 10.00 height of map in inches 3.00 
• 1 = Integer right justified in field; F = Decimal number in field; A = Alphabetic or Numeric characters. 
Source : Adapted from Laboratory for Computer Graphics and Spatial Analysts Graduate School of Design, SYMVU Manual, (Cambridge, Mass.: Harvard 
University, 1977). 
Table S.S 
SYMAP Control Cards at 
The University of Teus at Austin 
Card 11111111 1122222222223 


















COPYBR,INPUT ,T APEi 
REWIND T APEi 
COPYWER,T APE l ,FILEI 
REWIND FILEI 
PUBLIC,SYMAP ,Fil.El 
(7 /8/9 multipunch) 
[E-V ALUES package] 
[F-MAP package] 
(6/7 /8/9 multipunch) 
A Manual for Mapping Programs 
The text of each card should begin in the first column. The use of parentheses, brackets, 
and lower case letters indicate that the text should not be punched as shown. Parentheses 
indicate that the user should follow the keypunch instructions. Brackets refer to a deck 
of computer cards. 
8S 

























Modified SYMAP Control Cards for Creation of 
SYMVU Maps from Stored Data Matrix 








COPYBR,INPUT ,T APEi 
REWIND TAPEl 
COPYWER,T APEi ,FILEI 
REWIND FILEI 
PUBUC,$YMAP ,FILE I 
SA VEPF ,B635 ,5004 ,TAPES 
(7 /8/9 multipunch) 
[E-V ALUES package] 
[F-MAP package] 
· ( 6/7 /8/9 multi punch) 








(7 /8/9 multipunch) 
[OPTION package] 
(6/7 /8/9 multipunch) 
The text of each card should begin in the fust column. The use of parentheses, brackets, 
and lower case letters indicate that the text should not be punched as shown. Parentheses 
indicate that the user should follow the keypunch instructions. Brackets refer to a deck 
of computer cards. 
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Table S.7 
Modified SYMAP Control Cards for Creation of SYMVU Maps 
(no stored data matrix) 
Card Column 
Number I 5 10 15 20 25 
(user number) 
2 (password) 
3 JOB,TM=50,PR= I 00 
4 READPF ,3473,AUSMAP 
5 COPYBR,AUSMAP,TAPEI 
6 COPYBR,INPUT,TAPEI 
7 REWIND T APEi 
8 COPYWER,T APEi ,FILEI 
9 REWIND FILEI 
10 PUBLIC,SYMAP,FILEI 
11 REWIND TAPES 
12 PUBLIC,SYMVU,INPUT 
13 DISPOSE,PLOTR/00 
14 (7 /8/9 multipunch) 
[E-V ALVES package] 
[F-MAP package] 
15 (7 /8/9 multipunch) 
[OPTION package] 
16 · (6/7 /8/9 multipunch) 
30 
The text o.f each card should begin in the first column. The use of parentheses, brackets, 
and lower case letters indicate that the text should not be punched as shown. Parentheses 
indicate that the user should follow the keypunch instructions. Brackets refer to a deck 
of computer cards. 
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Table S.8 






















































REW ALLX T APE4 
LGO. 
REWIND T APE3 
COPYBR,TAPE3 ,T APE4 
COPYBR,T APES ,T APE4 
REWIND T APE4 
COPYWER,TAPE4,FILE1 
REWIND FILE I 
PUBLI~ SYMAP,FILEl 
SA VEPF ,B63 5 ,500 l ,T APE8 
(7 /8/9 multipunch) 
20 25 30 35 




DO 10 I=l,358 
VPER=-1.0 
READ(l ,20) VAR 
READ(2,20) POP 
IF(POP.EQ.0.0) GO TO 10 
VPER=V AR/POP 
10 WRITE(3 ,30) VPER 
WRITE(3,32) 
31 FORMAT(*E-VALUES X*) 
32 FORMAT(*99999*) 
END 
(7 /8/9 multipunch) 
[E-V ALUES package 1 = dividend or "VAR"] 
(7/8/9 multipunch) 
(E-V ALUES package 2 =divisor or "POP"] 
(7/8/9 multipunch) 
[F-MAP package] 
( 6/7 /8/9 multipunch) 
40 
The text of each card should begin in the first column. The use of parentheses, brackets, and lower case 
letters indicate that the text should not be punched as shown. Parentheses indicate that the user should 





A.CONFORMOLINES Keypunch Instructions 
Card Cclumn(s) Fonnat Variable 
First card of package 1-15 A A-CONFORMOLINES 
12-25 A (any character) 
Last card of package 1- 5 I 99999 
Pint card of each confonnant outline 1- 5 I (zone reference number for 
confonnant outline) 
10 A A 
L 
p 
11-20 F x 
21-30 F y 
Succeeding cards of each confonnant 11-20 F x 
outline 21-30 F y 
Description 
identifies package 
suppresses printed listing of A-Confonnolines 
with max output 
identifies end of package 
reference for the corresponding E-Value weights 
identifies confonnant outline as an area 
identifies confonnant outline as a line 
identifies conformant outline as a point 
X coordinate measured down from top 
Y coordinate measured across from left 
X coordinate measured down from top 
Y coordinate measured across from left 
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First Card 
Last card of package 
Other cuds (arranged in numerical 















(any nonblanlt chlncter) 
weight 
(any character) 
•J=Integer right justified in field; F=Decimal number in field ; A=A.tpbabetic or Numeric characters. 
Dacrlptton 
identifies pacbge 
IUppliea printed lilting of E-Vabae 
weigllu with mu output 
weigbt auodated with ?th zone on 
?th card 
for mer refereaco-:zone reference 
numbers adviled 
Source: Adapted from Laboratory for Computer Graphics and Spatial Analysts Graduate School of Design. SYMYU Mtmlllll, (Cambridge, 




















































Cants for Creation of Sample SYMAP Maps 
Columns 
5 10 15 20 25 
(user number) 
(password) 




REWIND T APEl 
COPYWER,T APE! ,FILE! 
REWIND FILEl 
PUBLIC,SYMAP,FILEl 
SA VEPF ,B63 5 ,5004 ,TAPES 
(7 /S/9 multipunch) 
[E-V ALUES package) 
F-MAP 
































(7 /S/9 multipunch 
TOTAL CALL HISTORY 
2 
15.0012.00 6.00 3.00 
(6/7 /S/9 multipunch) 
2 
A Manual for Mapping Programs 
23.0 
6 3 
The text of each card should begin in the first column. The use of parentheses, brackets, and lower case 
letters indicate that the text should not be punched as shown. Parentheses indicate that the user should 
follow the keypunch instructions. Brackets refer to a deck of computer cards. 
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Table S.f2 
Sample A-CONFORMOLINES and E-VALUES 
Packages from SYMAP Output 
A•CON,ORMOLINEI. bVA&.UE• 
., ... 4'•••••••419•·~ ............ 
VER:rtlC DOlllN AC ROH 
3•9 ·ARE.A 
. DAruM VALUi 
c u • II 
( lJ ~51 9.,H c u a•;11 
( l> H 9.711 ' I> J .. ( )) 1 !H 9~H ' 4> 1'11 ( ., 2'21 9,511 ' " •'11 ( 5> 2'&1 9,71 .c .. , 11;11 ( ., 2'.e '·"' c " 11,11 ( 7> 1'•• ·~41 ( . , .. , .. ( 8) , .. •.:HI ' ., •,11 ( ., '11 9,JI ( U> I H ( U> !$• 9,H ( U> 1'11 LC NG TH• •• 9!5 
' li> 
,, .. 
ARUe i.u ' U> 
,, .. 
CENTtR•C z;az, 9,12> ( u~ ,,,. 
' "' 
,, .. 
HI ARU ( .. , n:11 c '" ,., .. ' ,., 1·11 ( 1) ' Ill 9,711 c '" 11:11 ( 2) 1!u 9.91 ( II> s,11 ( S> 1 ~ 31 11 ll ( au ., .. 
( 0 1'51 ·u!21 ( Hl I It c 5) 2'J1 ll,JI ( IS> ,.~ .. c 6) l,11 11,JI ( •.. , 11,11 
( 1) 2'11 9,71 
' 
,., u,11· c •·> . 2!21 9,51 c . ,., ,, .. 
( 9) 1 •JI 9,H c an ,, ... 
( 11> !11 '·" ( II> ,.; .. LE~GTH• 6.91 ' at> ., .. AREA• z.n ( JI) .,.1 CENTf;R•C 2;1t, u.1•> ( JU .... 
( H> , ... 
JU ARfA ' JJ> •'•• ( ,., ....
' JIU 
,, .. 
( l> , .,. u.211 c ,., •'•• ( l> 1'se lle91 c sn i•: .. ( 3> 1'ae 12.211 ( JI> ' .. ( 4) ,, .. ss,11 c ,., .. : .. 
( 5) 1's• U,411 ' 
. ., ... 
( u 1'2• lJ911 c au 11;11 c 1> 1' 11 12,JI ' 111 
... 
( ., 1'111 u ••• c •SJ. , ... 
( ., 1'11 11,111 ( .. , .~ .. 
( U> 2'J1 11,JI ( .,, u;•• ' ( 11 > . 1.51 u.21 c . ., ' .. LENGTH• .1.11 ( "' ll:H ARUe l,66 ( . ., ,., .. C!NTtR•( z;,.,, 12.ll) ' .. , I II ' ,., "'" ' .tu n,•• ' ... , ~.~· 
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Table S.13 
Sample SYMAP Output 
Zone Weight Statistics and Map Dimension Infonnation 
MAP MI NDO• DllPLAYID 11 
C ;a11, ·,Ill) (TOl'•LIPT CORN!R) 
< 1•1 111, · at,tli) (IOTTOM•RllHT CORN!R) 
A Manual for Mapping Proarams 
MAP ICALl • ~HH ClNCHll O'N OUTl'UT MAl')/(UNITI· ON IOURCI MAP) 
MAI' IHOULD II PRIMTID AT ·~I ROMI I'll INCH AND 11~1 C~UMNI ,IR l•CH 
TRANl,ORMATION 'ROM IOURCI COORDINATll TO 'RlNT CHARACTIR LOCATION 11 
ROM • CDOMN COORDINATI • ,11> • S' Jlll 
CO\.UMN • (ACROll COORDINATE • ,II) • s!s11s 
THlRl ARI· JSI VALID DATA VALUll 
MINIMUM ANO MAXIMUM VALID DATA YALUll ARE 1 1 111 ANO 
MEAN O' VALID DATA II 
ITANDARD 01¥1ATION 0' VALID DATA II 
"·"' u .... 
. Table 5.14 
Sample SYMAP Output 
List of Zones and Conesponding Weights 
CON,ORMOLINll 'OR MAP 
ION! TYl'l ROM COLUMN D•TUM YALU! 
, .. , A ! :x :S4' 1,H JSI> A !S SH .... 
JSl> A • •4 Sil .... JS2> A • .,  SH .... HJ> A ,. .. JIJ 1,11 
JS•> A u llJ SS4 1,11 ,,., A •• UY ,,. l9H JST> A ,. u• "' 1,H nu A 21 us Hl .... 
ZtJ> A Lt 115 HJ •••• 
HI> A ,. ••• SSI 1,11 SH> A ,. lll J55 .... 
:SlT> A ,, " '" 1,11 H4> A ,. .. a.•• .... 
Zt5> A ••• 18 2'5 .... 2•., A a• 12 ... i.11 ... , A lZ 11 1'1 4,11 
lU > A u 1l ,,. .... 
Ztt> A ' 
. ., 2" .... 
HT> A ' 
., HJ .... 
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Table S.15 




AllOLUT! VALUE RAN8! A,,LYINC TO IACH L!V!L 









'R!IU!NCY DllTRllUTION GI' DATA 'DINT VALU!I JN !ACM LlV!L 
LlVlL l Z l 4 ' ................................................... 
•••• ; .; .~ ••••••••• 000000000 ................. . 
•• , ••• ,., ••••••••• 000000000 ................. . 
IYMIDLI ''!'f ff'' ++++Z++++ OOOOJOOOO ......... 1111'1111 
••• •• • , •• ••••••••• 000000000 .......... ........ 
• • ••••••• ••••••••• 000000000 ................ .. ................................................... 
'~•• · · · · ·zas .. · · - - n- -- .. · .. -n · · ·· · · .. , .. - s 
I 1;,1,;1 J .. Z .. l 1001001 IHAHI 1"'811 
2 1 .. 1 .. 1 l++Z++l JOOJOOI l"4HI llPMI 
S 1 001,;1 l••Z .. I IOOJOOJ 1"4111 IH,111 
A l .. t.rl HU++l IOOJOOJ 1"4111 
I 1,,1 ,,I J++Z++l IOOJOOJ 1 ..... 1 
• 1,.l i'J l++z++l JOOJOOJ 1"4HI 
1 l,.l, !1 l++Z++l JOOJOOl 1114111 
I 1,,1,;1 J++Z++l lOOJOOl letllll 
' 10 ,1,,1 l++Z•+l IOOJOOl 1111111 
ti 1, , 1.,1 l++Z++l 1003001 
ll 1,,1.,1 l++Z++l lOOJOOl 
ll l,.l.jl 1+un1 lOOJOOl 
tJ l,,t.,1 1++2++1 1003001 
14 1,,1,,1 l++Z++l IOOSOOl 
tS l,,1,,1 1++Z•+I IOOJOOJ 
t• 1,,1,,1 l++z++l IOOSOOl 
t7 l,,1,,1 J++Z++J IOOJOOJ 
ll 1001,,1 l++Z++I JOOJOOJ a• 1,,1,,1 J++Z++I JOOSOOl 
ZI 1,,1.,1 l++Z++l lOOJOOl 
ZI 1001,,1 J++Z++l IOOJOOl 
ZZ l,,1,,1 J++Z++l IOOJOOJ 
ZJ 1,.1,,l J++Z++l IOOJOOl 
ZA 1,,1,;1 J++Z++J lOOSOOl 
ZI l,,1,;1 J++Z++l lOOJOOI z• l,,1,,1 l++Z++I 
Z7 1 0 ,1.,l l++Z++l 
ZI 1,,1,;1 J++Z++l 
z• 1,,1.,1 J++Z++J 
SI J,,1,,1 1++2++1 
Jl l,,1,,1 J++Z++l 
JZ l 00 t •• l J++Z++J 
JS 100 1,;1 J++Z++l 
JI 1,,1.,1 l++Z++I 
,, 1 •• 1. ,i 1••1••1 
l• !··~·,! 1•·~··1 
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• = OXA V overprint 
Table S.16 
Standard Symbolism Used by SYMAP 
A Manual for Mapping Programs 
Standard symbolism for intervals 
1 2 3 4 5 6 7 8 9 10 
• ,-=+XOQBa 




• + 0 Q. 
• + 0 • 
• 0 • 
• • 
Source: Elliot E. Dudnik, SYMAP User's Reference Manual (Chicago: Department of Architecture, University of Illinois 
at Chicago Circle, 1971 ). 
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Table S.17 






















Calls responded to by: 
010 ambulance one 
011 ambulance two 
012 · ambulance three 
013 ambulance four 
014 ambulance five 
015 ambulance six 
016 ambulance seven 
017 critical calls 
018 noncritical calls 
019 transport calls 
020 nontransport calls 
021 unconscious incidents 
022 baby, house, unknown incidents 
023 Spanish population 
024 time to nearest station 
025 population over 62 
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